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India is the recipient of congratulations from all over 
the world for the success achieved by us as hosts of 
the 9th Asian Games. 


Stadia were built in record time. Colour television 
brought the games live into millions of homes all over 
the country and abroac. Computers, electronic 
exchanges, micro-wave and satellite links were 
smoothly and efficiently utilised in a mammoth network 
of services. 
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The compound, hydrated trinickel pentasulphide, has been prepared in solid state condition. X- -ray powder diffraction 
pattern of the compound shows cubic structure with a = 8.503 A and Z = 3. The magnetic susceptibility measurement shows 
that the compound is paramagnetic in the temperature range 305-715 K with Curie constant C = 1.62 K emu/mol and effective 
magnetic moment p = 3.60 sg(Bohr magneton). The electrical conductivity measurement explains the impurity levels and 
intrinsic semiconducting behaviour in the temperature range 313-433 K and 533-713 K with activation energy 0.05 and 0.60eV 
respectively. Above 713 K, the compound becomes metallic. Thermogravimetric analysis and differential thermal analysis data 
indicate the presence of nonstoichiometric compound and dehydration step. The density of the compound is found to be 3.20 


+0.10 g/ce. 


1 Introduction 

The compound hydrated trinickel pentasulphide 
shows very interesting solid state properties of 
transition metal sulphides. The compound has been 
prepared’ in solid state condition and analyzed to 
confirm the stoichiometric formula. Crystal structure, 
Magnetic properties, thermal analysis, density 
measurement and electrical conductivity measurement 
of this compound have been reported in this paper. The 
compound is black and is stable up to 440°C. In the 
range 440-660°C it becomes _ nonstoichiometric 
having the formula Ni3S; - (x = 0.3) which is stable up 
to 900°C. Above 900°C it again becomes Ni3Ss -(. +5) 
(x = 0.3, y=0.1). The compound is paramagnetic and 
semiconducting up to 713 K and above 713 K it 
becomes metallic. By X-ray analysis of the compound, 
it is found to be cubic with a unit cell dimension (a) of 
8.503 A and number of molecules per unit cell (z) equal 
to 3. Agreement between observed and calculated 
sin? 9,4; values (Table 1) was found to be satisfactory. 
The density of the compound is 3.20+0.10 g/cc. 


2 Experimental Details 
Fresh nickel oxide', NiO, +,.4H,O (x = 1, surplus 
oxygen) (100 mesh), prepared from basic nickel 


rabhai) and cyclo-octasulphur, Sg (100 mesh), 
i were mixed i in 3:1 molar ratio and crushed in 
e mortar. The mixture was heated in an air oven at 
EI'Clor Theis woh constant. The 


carbonate [NiCO;2Ni(OH),.4H,0] (100 mesh), 


x ¥ 1, surplus oxygen 


Room temp. 


Nis; ——= > NigS5 INO 


The identification of hydrated trinickel pentasul- 
phide’ was carried out by chemical analysis of Niand S, 
47 and 39%, (observed value) against 45.1 and 41 % 
(calculated value) respectively. Further, the compound 
was identified by powder X-ray diffraction pattern of 
reactants (Sg and NiO,,,.3H,O) and_ product 
(Ni3S;.3H,O). On comparing the intensities and the d- 
values, neither the strong, medium lines of sulphur nor 
the strong, medium lines of nickel oxide are present in 
the X-ray powder diffraction pattern of Ni;S;.3H,O. 
New strong and medium lines, appearing in the X- 
ray powder diffraction pattern of the product, given in 
Table 1, show the formation of new compound 
Ni3S;.3H,0. 


Table 1—Crystal Data for Ni,S;.3H,0 


d(A) sin? Oyu) hkl IIo 
Obs. Cale. 
4.5521 0.0286 0.0246 111 37.5 
4.2502 0.0328 0.0328 200 100 
3.3885 0.0517 0.0492 211. 13.1 
2.9688 0.0674 0.0656 220 22.4 
2.8400 0.0736 0.0738 300 29.2 
j 0.0801 0.0820 310 15.4 
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tern has been taken 


The powder X-ray diffraction pat 
K, radiation at the 


with X-ray diffractometer using Cu- 


Bhabha Atomic Research Centre, Bombay. The pattern 


was indexed by Hesse-Lipson’s method’. 

The molar magnetic susceptibility ( Am) was measured 
by Faraday’s method? employing a sensitive magnetic 
balance of least count 107 ° g and an electromagnet with 
pole pieces. The experimental technique has been given 
in detail*. The variation of inverse magnetic 
susceptibility with temperature is shown in Fig. 1. 

For the electrical conductivity (4) measurement, 
powdered samples were pelletized at the high pressure (8 
x 10°kgem * using a hydraulic pressure and a suitable 
die. The conductance was measured with a Toshniwal 


oe (emu imal 
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Conductivity Bridge, type CLo1/01A, whose internal 
operating frequency was 50 Hz using platinum © 
electrodes. The variation of the logarithm Closes 
conductance with inverse temperature, presented in Fig. 
2, shows the semiconducting and metallic behaviour afore 
the compound. Differential thermogravimetric analysis 
(DTG), differential thermal analysis (DTA) — and cia 
thermogravimetric analysis (TGA) of the compound he 
were performed using a recording thermal analyzer : 
(Paulik-Paulik-Erdey MoM derivatograph, Hungary) 
at the Indian Institute of Technology, Kanpur at a ae 
heating rate of 10°C/min. The data obtained by TGA, Rte 
given in Fig. 3, show a better response against the dat Scag 
of differential thermogravimetric analysis(DTGA) and 
DTA. F doe DA ge 

The density measurement was performec 
pyknometer of 25 cc capacity using toluene as dis 
liquid. The value of observed density is 
agreement with the calculated value (obtaine 
powder diffraction pattern). a 


3 Discussion : 
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reported’ earlier. The presence of three moles of water 
has been confirmed with the help of TGA. TGA of 
Ni,S,;.3H,O indicates the loss of three moles of water 
up to 300°C, which has further been confirmed by an 
endotherm at 160°C and the peak at 160°C in DTG 
given in Fig. 3. Further, a peak at 520°C in DTG, an 
endotherm at 520°C indicates a weight loss due to 
escape of sulphur. This has further been confirmed when 
the pellet of Ni,;S; .3H,O was prepared at high pressure 
(8 x 10° kg cm 7) and heated from 440-620°C; the pellet 
became yellow on surface due to the sulphur coming 
out. This clearly indicates that the weight loss in TG 
curve in the t¢émperature range 440-660°C might be due 
to escape of sulphide ions in the form of sulphur and 
consequently the evolution of SO, takes place*, which is 


as follows: 
40-360°C 
Ni;S,; .3H,O0O——> Ni,S, + 3H,0 = 2(}) 
; 440-660 C 
Ni,S; ——+> Ni3S;_,+xS?~ 


v 
Ni;S;_,+x(S + 2e) 


lo: from atmosphere 


Ni3S;-,+xSO, exah2) 
(where x = 0.3). 


This nonstoichiometric compound Ni3S; -, (x = 0.3) 
remains stable up to 900°C. Further, a weight loss in the 
temperature range 900-1000°C in TG curve has been 
confirmed by a peak in DTG as well as an endotherm at 
900°C. These observations also indicate that a second 
type of nonstoichiometric compound Ni3Ss-(x+,) 
(where x = 0.3, y = 0.1) has been obtained, according to 
the following scheme as: 


900-1000 C . 
Ni,S; It = 0.3) ———§>Ni,S, -(x+y) (x = 0.3, 
| y=0.1)+ yS?~ 


Ni,S; -(x+y) sp y(S 2e) 


| atoms O, 
Ni3S5-(x+y) + ySO, 
(x =0.3, y =0.1) 


CF) 


The chemical analyses of both nonstoichiometric 
compounds are in good agreement with the theoretical 


ray powder diffraction pattern of the compound 
s nev aeons peaks on comparing the spectra of 
ts. The sin? 0), values have been calculated from 


% cats ‘aD 


. 
ae! 
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the powder X-ray diffraction pattern. A comparison of 
observed and calculated sin’ 0,,, values, given in Table | 
indicates that the compound is cubic with unit cell 
dimension, a = 8.503A. The number of molecules per 
unit cell (Z) has been found to be 3, using the following 
expression : 


_D.V.N 


athe 


where D is the observed density, V the volume of cubic 
system, N the Avogadro number and M the molecular 
weight of the compound. The value of Z has been 
obtained in order to calculate X-ray density. The 
observed density (3.20 g/cc) is found to be comparable 
against the calculated X-ray density (3.16 g/cc). 

A straight line obtained in the plot of inverse molar 
magnetic susceptibility versus temperature, given in Fig. 
1, indicates the presence of paramagnetic centres® within 
the temperature range 305-713 K. 

From this straight line, the value of Curie constant (C) 
is found to be 1.62K emu/mol. Effective magnetic 
moment (p) per molecule, is found to be 3.60 fp (Bohr 
magneton) using the following -expression® 


SRE 
ae 2 


where k is the Boltzmann constant, N the Avogadro 


number and f the Bohr magneton. 
3 


The variation of logo versus Ss is shown in Fig. 2. 


This curve can be represented as the resultant of three 
straight lines, and thus the conductivity (¢) can be 
expressed as the sum of three contributions o;, 0, and @3 
as follows: 


06=0,+0,1 363 


W. 
or v= Cyexp.( Eh) + Cex. (KF) 


+C,exp. ( _ oe 
From the experimental curve, the values (in 
ohm~!cm~!) of constants are Cy =7.58x10~°, C, 
= 79.43, C; = 1.66 x 10-7 and activation energies (in 
eV) are W, =0.05, W, =0.95 and W, = 0.60. As W, is 
very small, it indicates the presence of impurity band of 
extrinsic type due to presence of water in the 
temperature range 313-433K. Due to dehydration 
energy, conductivity increases in the temperature range 
433-493 K and the energy associated (W,) is found to be 
0.95 eV. As soon as the compound becomes dehydrated, 
the nonstoichiometric compound Ni,S;5-, (x = 9.3) 
shows an intrinsic type of semiconductivity with 
activation energy W,=0.60eV in the temperature 
range 533-713 K which can be explained by band 
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7 The relevant bands for conduction in this solid 
*-3d) band and filled (S?~ :3p) band, 
is probably the valence band and 
f solid. As the 
e charge 
ce band 


theory 
are empty (Ni? 
where S?~ : 3p band 
Ni2* :3d band is the conduction band o 


temperature is increased from 533 to 713 K, th 
transfer excitation of electron, from the valen 
(S2~ : 3p) to 3d conductivity band (Ni2* : 3d), takes place 
and crosses a band gap within the reported® :ange (1-10 
eV). The experimentally observed energy band gap is 
found to be 1.20 eV. The compound shows metallic 
behaviour within the temperature range 713-953 K, i. 
conductivity decreases with increase of temperature and 


becomes constant. 
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A phenomenological model for semicrystalline polymer is proposed which takes into account both variation of crystallinity 
and orientation of the molecular chains with the direction of draw. The elastic properties of the polymer are calculated in terms 
of those of the constituent phases as in Takayanagi’s model. At the drawn state it has been shown that a partially oriented 
crystalline phase may be considered as a superposition of a perfectly aligned crystalline portion on a polycrystalline phase. 
The model contains only two adjustable parameters. The model is applied in the case of high density polyethylene and the 
agreement of the predicted values of the elastic moduli along the direction of draw and perpendicular to it and shear modulus 


the 


are in close agreement with the experimental values. 


1 Introduction 

Of all the semicrystalline polymers, high-density 
polyethylene (HDPE) attracted major attention 
because of its simple chemical composition and high 
degree of crystallinity. The elastic moduli of HDPE 
along the direction of draw (Ep) and perpendicular to it 
(Eo) and shear modulus (G) have been measured up to 
a moderately high draw ratio!. 

Recently Mead et al.” have measured Ep up to a very 
high draw ratio for various temperatures of draw. 
They have also studied the variation of crystallinity 
with rate of draw in detail”. The theoretical situation, 
however, remains very unclear. During the last twenty 
years, several attempts were made and different 
phenomenological models were proposed to interpret 
the mechanical behaviour of the semicrystalline 
polymers. Of all such models the one-phase model or 
aggregate model of Ward? and the two-phase model of 
Takayanagi* are most extensively discussed. Recently 
the above models have been reviewed in great detail*’®. 

In Ward’s model’, the variation of crystallinity on 
drawing is neglected and the mechanical anisotropy is 
directly related to the orientation of basic units of 
which the polymer is supposed to be composed of. 
Hadley e7 al.’ measured the elastic modulus Ey and 
Eo and G for HDPE at room temperature and tried to 
interpret the data in terms of the aggregate model. But 
the range of predicted values is too large to be 

meaningful and the experimental values do not even lie 
in the predicted range in most of the cases (see Figs 1- 
3). In trying to apply Ward’s model in the case of 
HDPE!’ we investigated if suitable values of C,,, C33 
2 and (C3 + 2C44) or S; 19 S33 and (2S;3 ax S4a) can be 


i ee 
aaa 


. ho 


1 3 5 fg 9 
DRAW RATIO (n) 


Fig. 1—Comparison of the calculated 

values of Ey with experimental values' at 

room temperature [Solid line represents 

calculated values and experimental values 

are indicated by x. E} and E® denote the 

Voigt and Reuss average as calculated by 
using the Ward model’. ] 


chosen which will fit the experimental values of elastic 
modulus for different draw ratios. We have found that 
no consistent set of values exists which can reproduce 
the experimental results. Moreover, if we try to fit the 
data for any three draw ratios, the values of the elastic 
constants (the solution for C,, etc. and S,, etc.) which 
we get are absurd as given in Table 1. From Table | it 
can be easily seen that Ward’s concept of units with 
fixed elastic constants seems to breakdown. 

The poor agreement found with the Ward model is - 
not surprising, since the model assumes a single phase 
in contradiction with the experimental observation 
(see page 310 of Ref. 6). Here Takayanagi model* has 
relevance in trying to calculate the elastic moduli of the 
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polymer in terms of those of its constituents. But this 
model was proposed to explain qualitatively the cross 
rule of Ey and Eoo for highly oriented and well 
annealed samples in the vicinity of T,. The model does 


DRAW RATIO (n) 


Fig. 2—Comparison of the calculated 
values of E59 with experimental values! 
[Symbols as in Fig. 1] 


O15 


ree? tee a <. 7, 2a 


not deal with the development of mechanical 
anisotropy on drawing. 

It is well known*’’ that crystallinity and orientation 
are the two most important factors which influence the 
mechanical properties of polymers. It is also 
established from experiments”’’ that both the factors 
change on drawing. 

We have already proposed®’? a modified two-phase 
model for polypropylene in which the variation of 
crystallinity and orientation with rate of draw has been 
taken into account. A general theoretical procedure 
for calculating the mechanical anisotropy for a two- 
phase system has also been proposed by Maeda er al.'° 
Three-phase models for highly oriented semicrystalline 
polymers have also been proposed by Takayanagi" 
and Prevorsek??. 

In the next section we propose a modified two-phase 
model in which the variation of crystallinity and 
orientation has been taken into account. It will be seen 
from the detailed analysis of the proposed model that 
at the fully oriented state, the structural features of the 
proposed model and the Takayanagi model* — are 


identical. s Soe oe 
3 = : = Ae "2 = 2 eet a] , ? 
2 Modified Two-Phase Model _ Sea ‘3 


In the proposed model the change of be ticcas4 = 
and the orientation of the molecular chains have been - 
taken into account in the light | 
information available up oe: Itis 
experimental fact that at the undraw1 
is mechanically isotropic. At this s 
camper ot two p 
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where £, and &, are the Young’s modulus of the 
polycrystalline phase and amorphous phase re- 
spectively and 7» denotes the volume fraction of 
crystallinity at the undrawn state. 

In the same manner, the value of the shear modulus 
at the undrawn state is given by 


] 4 
Get .Q) 


Where Gp and Gy, are the shear modulus for the 

polycrystalline and amorphous phase respectively. 
Next we consider the polymer at the drawn state. 
The X-ray studies’ reveal the presence of preferred 
orientation in the direction of draw. Recent studies!? 
on stretched PVC films indicate that the major 
contribution to the observed orientation on extrusion 
originates from the crystalline region of the polymer. 
In the Ward model, the elastic constants of the 
ensemble of partially oriented units have been 
expressed in terms of the elastic constants of the basic 
units. A similar procedure cannot be applied in the case 
of a two-phase system. The real situation in this case is 
very complex and there is as yet no sufficiently 
rigorous and consistent theory of the elastic properties 
incorporating the effect of orientation of the 
crystalline phase in a two-phase model. We take 
account of the effect of orientation in a partially 
oriented crystalline region of the polymer in <a 
simplified manner. It can be easily shown’ that so far 
as the effective elastic behaviour is concerned, the 
partially oriented crystalline phase of the polymer may 
be supposed to be the combination of one part 
consisting of perfectly aligned chains along the draw 
direction and the remaining portion composed of 
crystallites arranged at random. From Takayanagi’s 
model* (Fig. 4) it is seen that the stress-strain relation 
of the whole crystalline phase with the amorphous 
phase is not the same. A portion of the crystalline 
phase is in parallel combination with the amorphous 
phase and this combination is in series with the rest of 
the crystalline phase. Here we also assume that the 
amorphous phase is at constant stress condition with 
the polycrystalline portion of the crystalline phase and 
this combination is at constant strain condition with 
the portion of the crystalline phase consisting of 
crystalline chains having c-axis within a small angle 
with the draw direction. If y be the crystallinity at any 
arbitrary draw ratio n and p be the fraction of the 
crystalline phase supposed to be composed of perfectly 
aligned chains, then the volume concentration of 
ue phase and the two fractions of the 
ine phase will be as shown in Fig. 5. A 
rison of Figs 4 and 5 reveals that at the highly 
e ae the crystalline chains are almost 
9 the draw direction, the distribution 


Extrusion 
direction 


Crystalline 


Amorphous 


f°) 


es l= b 
Fig. 4—Schematic diagram of crystalline 


chains and amorphous phase __ in 
Takayanagi’s model* 


Direction 
of Draw 


Polycrystalline 
Phase 


Aligned 
Phase 
(px) 


Amorphous 
Phase 


Fig. 5—Symbolic representation of the 
three phases envisaged in the present model 
at the drawn state 


of different phases in the proposed model and the 
Takayanagi model will be identical. ) 
Now, so far as the value of p is concerned, it is 
obvious that it will be some function of the draw ratio 
(n) with p=0 for n=1. It is also clear? that p will 
increase with n and ultimately will reach a maximum 
value. Unfortunately, the direct experimental 
information is not available at present. As an 
alternative we suggest a two-parameter empirical 
relation obtained by trial and error, given by 


p= A[l —exp {—(n—1)?/B}] ..Q) 


where A and f are two constants. A represents the 
maximum value of the fraction of the crystalline 
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Table 2—Input Data 

Elastic moduli'* (in GPa) 
Ef? EO Gg! E, Gp E, Ga 
240 4.00 2.00 5.05 2.00 O2FS 0.012 


Table 3—The Best Fit Values of Parameters A and / [Eq. 
(3)] for Different Samples 


Substance Draw temp., C A Bp Data Ref. 
Rigidex Not stated 0.05 100 l 
Alathon 7050 80 0.16 100 2 

120 0.50 1000 2 

132 0.37 1000 2 

134 0.32 1000 2 

136 0.25 1000 2 


— 


portion which may get perfectly aligned along the draw 
direction and f determines the rapidity with which the 
maximum value is reached through drawing. 

In the light of the above discussion, we can write the 
expressions for Ey, Eg9 and G for any n in the same 
manner as in the Takayanagi model, as given below: 


Eo =prxEf +(1—pye’ ...(4) 
Ego = prE+(1 —pyeE’ Alo) 
G = pxG + (1 — py’ ...(6) 


auth) 


l—¥ l 
=(4** +4). aoe 
Gs a) (8) 


where G°=CQ is the shear modulus for the 
crystallites. 


3 Application 
The proposed model is applied for the case of 
HDPE. The input data and parameters for using Eqs 
(1) to (6) are given in Tables 2 and 3 respectively. For 
polyethylene the values of E,, Ef’, E\° and Gp are taken 
from experimental values quoted by Odajima and 
Maeda'*. The value of E, is also estimated in 
accordance with the order of Magnitude given by 
Holliday (see page 261 of Ref. 6). The value of Gy is 
estimated to give an exact fit at the undrawn nate 
The crystallinity corresponding to different draw 
ratios has been experimentally studied by Mead er a/.? 
for different temperatures of draw. Now in order to 
interpret the Eo, Eo and G values of Hadley e7 al. 
have used crystallinity values ¢ pri 
temperature of 60°C in the 


information of the temperature of draw. The 


comparison of the experimental val 
ues, 
temperature, of Eo, Exo and G and the corelponian 
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predicted values by the present model and by Ward 


model! is shown in Figs 1-3. 
Mead er al.2 have measured E, for HDPE for 


different temperatures of draw. The experimental 


values of 7 corresponding to 90°C have been used for 


calculation of Eo for a draw temperature of 80°C; for 


Ey values at draw temperatures 120, 132, 134 and 
136°C, we have used crystallinity values corresponding 
to a draw temperature 134°C. The comparison of the 
predicted values and the experimental values of Eo for 


different values of n, corresponding to different 


temperatures of draw is shown in Fig. 6. 


4 Discussion 


From Figs 1-3 it can be seen that at room 
temperature the predicted values of Eo, Egg and G by 
the present model are in close agreement with the 


experimental values’ and the agreement is much better 


than those given by Ward model’ except for the fact 
that it cannot explain a small dip in Eo at the initial 


stage of drawing. This may be due to some decrease of 
crystallinity at the initial stage of drawing as 
observed'’ in the case of polypropylene and low 
density polyethylene'®. In the case of HDPE the 
experimental values’ of crystallinity are not reported 


for the initial stage of drawing. From Fig. 6 itcan be 


seen that the general agreement between the calculated 
and experimental values for all the five different 


temperatures of draw is satisfactory. This model has 


already been used*-” with success in the case of 


polypropylene. 

The morphology of the polymer is so complex that 
at this stage all models including the present one are 
too approximate to tackle the minute peculiarities in 
different cases. From the moderate success of this 
model it emerges that both orientation of chains and 
crystallinity are equally important. These are only two 
adjustable parameters A and , whereas in the 
aggregate model all the five elastic constants of the unit 


E, IN GPo 


w 
9° 


10 15 20 25 30 35 40 45 
Fis cree , et RATIO (n) 
- 6—Comparison of the calculated 
experimental values? for different tengetacunte of etna tina 
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are practically input parameters. At present, it is not — will stimulate systematic experimental! and theoretical 
possible to comment on the nature of variation of A _ investigations. 
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Cadmium sulphide films have been deposited on both glass and stainless steel Bis sear = Pee a 2H 
technique. The post-preparation heat treatment in hydrogen atmosphere is given to the fi ms an a a: a 
formed. The influence of hydrogen treatment to CdS film electrode on the electrical and optical properties of t ese cells i 
studied. The variation of J, and V,, is explained as due to the diffusion of sulphur vacancies and due to the increase in 
crystallinity in the CdS film both being caused by the heat treatment. 


1 Introduction 

During the last decade, the energy crisis has 
stimulated enormous interest to search for alternative 
energy resources to replace our dwindling con- 
ventional energy reserves. Of the many attempts for 
the conversion of solar energy into electricity, the 
semiconductor-liquid junction photovoltaic cells (SLJ 
PCs) have been preferred as an economical solar 
energy conversion device. These cells have some 
potential advantages over the conventional solid state 
devices, ¢.g. in minimizing problems arising from 
lattice mismatch, in controlling the barrier heights, 
easy method of fabrication, direct penetration of solar 
radiation to the active semiconductor surface and no 
requirement of antireflection coating. The efficiency of 
the SLJPCs is reported as high as 12% with a single 
crystal semiconductor material as photoanode!. With 
the polycrystalline semiconductors, however, the 
efficiency is found to be very poor. The reasons are 
many. It is recently reported that the controlled 
pretreatment of polycrystalline CdS layer in the 
hydrogen atmosphere before the barrier height 
ni age Improves the performance of CdS/Cu,S 
solar cells - Such data are few in the case of SLJPCs. In 
the present investigation, an attempt has been made to 
reveal the role of hydrogen pretreatment on the 
electrical properties of CdS/NaOH /Pt cells, 


2 Experimental Details : 

Cadmium sulphide films were prepared by closely 
following the chemical bath deposition technique? ~5 
For each deposition 20 cc of | M CdSO 
100 cc of 2M ammonia solution were mi 
beaker to form a complex compound. 
were kept rotating in the reaction 
rotation speed of 150 rev/min and t 
the reaction bath was raised to 85°C. 
thiourea were added drop by 
ce/min to provide the sulphur j 


4 Solution and 
xed in a 250 cc 
The substrates 
vessel with the 
he temperature of 
Then 20 cc of | M 
drop at the rate of 0.7 
ons. Cadmium sulphide 
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films of uniform thickness were obtained on both the 
glass and stainless steel substrates. The stainless steel 
substrates used were of mirror grade polish. 

The films were annealed in hydrogen atmosphere at 
200°C and 300°C for different time intervals up to 90 
min. The hydrogen gas employed was purified by 
passing it through the successive stages of glass wool, 
NaOH, KMn0O, and pyrogallol solutions. Some films 
were furnace cooled after the 90-min heat treatment. 

The SLJC was formed by dipping CdS film formed 
on stainless steel substrate as photoanode and 
platinum wire as counterelectrode in a quartz Cauvet 
containing 1M NaOH solution. The reference 
electrode employed was saturated calomel electrode 
(SCE). The electrical properties: of SLJCs were 
measured both in the presence and absence of light 
with the help of Aplab TFM 13 FET nanoammeter and 
Phillips DC microvoltmeter (PP-1004). The light 
source used was 500 W tungsten filament lamp. The 
optical absorption study of the films was made with 
specol (Carl Zeiss, Jena) in the wavelength range 4000- 
7000 A. 


3 Results and Discussion 

Cadmium sulphide film formed on the stainless steel 
substrate was tested for its nature of contact by 
studying the J-V curves of the film sandwiched between 
the stainless steel and indium. From the observed 
nature of J-V curve the stainless steel substrate was 
found to give ohmic contact to CdS. In the present 
— therefore, the stainless steel substrate was used 
as the contact electrode for the CdS : 
the SLJCs. ae 

The I-V characteristic of a typical CdS/NaOH/Pt 
cell in the dark is shown in Fig. 1. The nonlinear nature 
of I-V curve predicts that the CdS film electrode makes 
rectification contact with the liquid electrolyte NaOH. 
This is in agreement with the results reported 
earlier®~°. The semiconductor-liquid junction is 
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Fig. 1—Dynamic current-voltage (I-V) characteristics in dark and 
light for 200/0 cell 
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Fig. 2—Log / versus V plot for 200/0 cell in dark 
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Fig. 3—Variation of /,. of the cell with the duration of post- 
preparation heat treatment of CdS electrode at 200 and 300°C 


analogous to the Schottky barrier junction’® and the 
observed linear nature of log/ versus V plot (Fig. 2) 
supports the prediction. The JI-V curve of 
CdS/NaOH/Pt cell is modified (Fig. 1) under white 
light illumination of the CdS electrode. This 
observation reveals that the CdS/NaOH/Pt cell shows 
the photovoltaic effect and confirms the formation of 
parrier layer at CdS/NaOH interface. 
From m Fig. 1 it is seen that even when the external 
tage is zero, the PEC cell in dark gives some voltage. 


The polarity of the voltage is positive towards CdS 
electrode. The origin of the voltage is attributed to the 
difference between the two half cell potentials in the 
PEC cell and can be written as 

E =(E)cas — (E)p, re. tS 


where (E)cas and (E)p, are the half cell potentials 
developed respectively when the electrodes of CdS and 
Pt are introduced in an electrolyte. From the polarity 
of E observed, one can write that 


(E)cas > (E)p: 312) 

This observation is in agreement with the results 
reported earlier!! 

Eleven CdS/NaOH/Pt cells were formed with 
different post-preparation heat treatment CdS films, 
and the short circuit currents (/,.) of the cells under 
white light intensity of 100 mW/cm? were measured. It 
is found that, J,. is dependent on both the temperature 
and duration of post-preparation heat treatment of the 
CdS films. The variation of J, with the duration of 
post-preparation heat treatment is shown in Fig. 3. It is 
noted that the /,. of the cells formed with 200°C heat 
treated CdS films, increases with the duration of heat 
treatment up to about 30 min, remains nearly constant 
up to about 60 min and then slightly decreases with 
further increase in durationof heat treatment. In case of 
the cells formed with 300°C heat treated films, 
however, the /,. is found to decrease continuously with 
merease in the duration of heat treatment. 

The magnitude of J,. of the SLJC is dependent on 
various parameters like contact resistance, resistance 
of photoanode, shunt resistance and the different 
electrolyte properties namely, reduction-oxidation 
potential, electron transfer rates of oxidized and 
reduced species, photo and _ thermal stabilities, 
substrate compatibility, optical transparency, fluidity, 
solubility, conductance and reactivity to the 
environment!®. In the present investigation, all these 
parameters, except the bulk resistance of photoanode, 
were kept constant, and hence the decrease in /,. of the 
cell is attributed to the increase in bulk resistance of the 
CdS electrode film. For 300°C heat treated films as well 
as for long duration of 200°C heat treated films, the 
increase in the resistance of the CdS film formed on 
stainless steel substrate can be attributed to the 
diffusion of some impurities into the film from the 
substrate. The increase in J,. of CdS/NaOH/Pt, as 
shown in Fig. 3, is attributed to the decrease in 
resistance of the photoanode. The decrease in 
resistance of CdS film can be understood as follows: 
During the heat treatment of the CdS films in hydrogen 
atmosphere, the sulphur from the top layer chemically 
reacts with hydrogen and gets removed resulting in the 
sulphur vacancies. This leads to the diffusion of loosely 
bound sulphur atoms along the grain boundary 
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Fig. 4—Photovoltaic current-voltage curves of 200/0 and gio 
cells (intensity of white light illumination is 100 mW/cm*) 
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Fig. 5—Energy level diagrams for 200/0 and 200/30 cells [(A), before 
contact and (B), after contact (diagram is not to the scale. )] 
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towards the surface. Conversely, sulphur vacancies 


may be assumed to diffuse ji 


nto the interior of the 


film'?. This gives rise to the additional donor levels in 
the film causing decrease in the resistance. The increase 
in I. of CdS/NaOH/Pt cell can also be partly due to the 


increase in crystallinity in the 


CdS film'?. 


Out of eleven different CdS/NaOH /Pt cells studied, 


the results of only two re 


Presentative cells, one the CdS 


film unheated and the other (CdS film) heated at 200°C 


for 30 min, are presented here. The cel 
called 200/0 and 200/30. The 


characteristics of the cells 
variations of | with V are sho 
that the magnitudes of both, / 


ls are respectively 
Photovoltaic output 
are studied and the 
wn in Fig. 4. It is found 
« and V,,. for the 200/30 
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Fig. 7—Spectral response of 200/0 and 200/30 cells 
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Fig. 8— Variation of optical density (at) with wavelength for CdS and 
200°C heat treated CdS film for 30 min[The optical absorption 
spectrum for NaOH electrolyte is also given. ] 


cell are larger than those of the values for the 200/0 cell. 
The possible reasons for larger /,. for the 200/30 are 
already given in the paragraph above. The explanation 
for the large magnitude of V,. can also be understood 
on the basis of the removal of sulphur atoms from the 
grain boundary and generation of S vacancies in the 
film as predicted above. The Fermi level of redox 
system for 200/0 and 200/30 cells is constant. However, 
the Fermi level for H, heat treated CdS film shifts 
upward due to increase in the concentration of donor 
levels. This situation causes the band bending in the 
case of 200/30 to be more than for the 200/0 cell. The 
schematic picture of energy level diagram is shown in 
Fig. 5. The variations of /,. and V,, with (illumination) 
light intensity for both 200/0 and 200/30 cells are 
shown in Fig. 6. The nature of the plots is similar to 
those given by other workers!4~'® and fairly in good 
agreement with the theory of photovoltaic effect!7._ 
The photovoltaic spectral response of 200/0 and 
200/30 cells is shown in Fig. 7. It is seen that the spectral 
response of 200/30 cell differes from that of 200/0, both 
in. magnitude of J, and wa nie ens 


be understood with the help ofthe plots of variation of 


Ai 


A 


:. 


. 
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optical density (at) with wavelength for CdS and heat 
treated CdS films (Fig. 8). It is seen that heat treated 
film has relatively higher optical density and the 
wavelength cut off is shifted towards the red region. 
Both of these effects are responsible for the stronger 
absorption of light in the depletion region of 
semiconductor liquid junction and hence subjected to 
alteration both in magnitude and the wavelength 
response of the 200/30 cell. 
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Using the CNDO/Force and the least squares refinement calculations, the redundancy-free internal valence force field is 
evaluated for the in-plane vibrations of trans-cis-diacetamide. The initial force field considered is based on the bending and 
interaction force constants obtained from the CNDO/Force calculations, and the stretching force constants transferred from 
chemically related molecules. The vibrational frequencies of CH; CONHCOCHs3, CH;CONDCOCHs, CD,;CONHCOCD, - 
and CD,CONDCOCD, are employed in refining the force field. The refined force field obtained is found to be reasonable. 


1 Introduction 

It is well known that diacetamide exists in two 
crystalline forms'’*. In the usually occurring 
crystalline modification, form A, diacetamide prefers 
the trans-cis conformation in which one of the two 
carbonyl groups is trans and the other is cis with 
respect to the central NH bond. In the metastable 
crystalline modification, called form B, the molecules 
take the more symmetric trans-trans conformation. 
The form B crystals change to form A on long standing 
at room temperature’. Uno et al.?~° reported the 
Urey-Bradley force fields for both the conformers. 
Kanakavel’ calculated the valence force constants for 
the metastable trans-trans conformer using 
CNDO/Force method. In the present work, the 
redundancy-free internal valence force field (RFIVFF) 
is evaluated for the in-plane vibrations of the stable 
frans-cis conformer using the CNDO/Force as well as 
the least squares refinement calculations. The 
Stretching force constants derived from the 
CNDO/Force calculations are known to be 
Overestimated by a factor of 2-3.5. The CNDO stretch- 
Stretch interaction constants are found to be about 
50% higher than the experimental values. However 
the magnitudes obtained for the other interaction and 
bending force constants are, in general, reasonable. 
Mostly, the signs obtained for the interaction constants 
are correct. Hence, the CNDO/Force calculations 
provide us with a convenient way of choosing the 
bending and interaction force constants to frame the 
initial force constant matrix for the least squares 
refinement calculations. In the present sed to 
construct the initial force constant matrix, the 


ansferred as usual from 


; bending and j i 
force constants are taken from the CNDO/Fone non 


after scaling down the Stretch-stretch j 
constants by a factor of 0.65 (Ref. 8). It ipa: eal 
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otherwise, to guess reasonably the interaction force 
constants. The force field is then refined using the 
vibrational frequencies. 


2 Computational Details and Results 

The CNDO SCF energies and geometries are 
computed for the conformers having the methyl group 
hydrogen atoms eclipsed or staggered with respect to 
the adjacent carbonyl groups. It is found that the 
rotational conformer having the hydrogen atoms of the 
two methyl groups eclipsed with respect to the adjacent 
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Table 1—Redundancy-free Internal Coordinates for trans- 


cis-Diacetamide : 
l. vN—y =d N—H stretch. 
2. \N—c =i, N—C stretch. 
3. YN—¢ =i, N—C stretch. 
4. YC=0 =R, C=O stretch. 
5. ¥C=0 =R, C=O stretch. 
6. voc =D, C—C stretch. 
7. ve —C =D, C—C stretch. 
8. v(CH3) =3>'/?(r, +r, +15) CH; stretch. 
9. v(CH3) =37'/(r, +7, +15) CH, stretch 
10. v,(CH3)  =67"/(2r, —r, — 15) CH; stretch. 
Il. v.(CH;) =67 N2(2r, = rs —T¢) CH; stretch. 
12. OcNC =6" 226, = 0, > 63) CNC deform. 
13, Ores =2712(9, — 9,) N—H rock 
14. Oncc =6" /2(26, 456, = 63) NCC deform. 
IS. bnce |= = 6 (28, — 5, — 6,) NCC deform. 
16. pco = 271/15, — 65) C=O rock 
17. peo = 2° "7155 — 5.) C=O rock. 
18". 6(CHs)  =([3(1 + b*))~"/?[bfa, + %+a3,) CH, deform 
—(B, + B+ 8;)) 
I. 8(CH3) = [(1 +b?)]-"? [b(a, + a5 +24) CH, deform. 
— (Ba + Bs + Bg) 
20. 6(CHs) =6~'? (2a, —a, — a) CH, deform. 
21. 6(CH;) =6"'2(2a, — &s — a) CH, deform. 
22. (CH) =6-"28, ~ g, — pg.) Ck, pie. 
23. py(CHs) = 6-228, — p, — py CH; tock. 


*b = —3sin B.cos B/sina 
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Table 2—Force Fields of trans-cis-Diacetamide* 


Force CNDO/ Refined Force CNDO/ Refined Force CNDO/ Refined Force CNDO/ Refined 
constant Force constant Force constant Force constant Force 
Ras eu. Sue. OF S, 7 1290 O08C) F814 i a N48: --ttie <= 
Pt, .2 pris Aes F 4,12 0.067 0.035 F 8 16 —0,023 :. F14, 20 0,044 
Faz 3 0.489 : F 4,13 0.024 — F 8, 18 0.175 = F15, 21 0.038 0.028 
I or ere ee ere 
: ; : =< P37 Soe F15, 23 0.108 ~ 9-08(C) 
F 1,17 0.049. ~— F 4, 16 0.088 0.093 F919 0.187 = FIS. 15 0.846 1280 
P32 19.327 6855 =F 4,17 0.041 — F10, 10 11.799 4.683 E15 16 0.017 : 
F 2, 3 coe Oeste 4 te Nosy F10, 14 0.056 15°47 naan aae 
F 2, 4 24 Y gc) F420 0028 — Fils mc SA eae Sine 
F3, 5 2.433 F422 —0.099 F10, 16 0.030 — ECON cee 
- F2S -0299 F523. —0086° ~112 19 90 © 0.260 Fis, 22. 2B. = 
eee 4 -O23$ 827 Fs 5 = 29061 10976 -FIl,21.  —0.258 ¢ —0.03(C) FI6. 16 1.032 1.340 
- F2 6 6 ws. G Oars 10°22 0.298 F'16, 18 0039." = 
F3, 7 0951 %6(C) F542 Roe es: F193 ae, 0.03(C) F16, 22 0051 — 
F 2,12 cr Ose P5130 Oe SF, 1 11.770 4683 «f 17.17 1.000 1.039 
F 2,13 0.285 0309 F 5,16 0.069 0.127 Fil, 17 C032 = F17, 19 0.033 — 
F 2,14 Ot07 2. Gant 85 19. Gone’ <> A F12, 12 0.574 0.717 #17, 10 0.016 = — 
F 2,15 0.071 0.089 F6, 6 16.096 4329 F12, 13 OOO. == F17, 22 ee 
"F216 0.516 0643 F6, 8 0.5901 oyic) F214 Gost - -ogyg 1723 oe 
a —ots< F7, 9 0.584 f F12, 15 0.054 0,073 18, 18 0.731 0.562 
F218 -0072} _oos6 F613 044 =< F12, 16 0,034. = 0.027 = F828 005. 
F 3,19 — 0.069 F 6,44 0.225 9 Higee = 005 = Ee eee 
F 2,20 Gms F 7,15 G59 9028. FIZI2 = 0.049 — F193 = = 0082 00a 
F 2,22 0.020 an  F 6,16 —0.424 = 0136 BIZ S23 =. 0013 a F19, 19 0.739 0.558 
F 3, 3 igs Gas 7 7 est F13, 13 0.610 0.600 FI9,21 -0019 — 
F 3, 6 = (F618  ~04204 455, F13,14 0.069 0.131 20, 20 0.719 0.494 
en ed, 22 0.052 0.036 F 7,19 —0.427 ; FAS) 155 0.013 — F20, 22 —0.052 = 
cars, 13 0324 -0243 F620 -0032 — F13,16 -. —0019 = — F21, 21 0.743 0.500 
ora 1s 0.236 0262 F 6,22 6092. Pipe Rtg 24 0093. a PI, 23 OG 
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Table 3—Calculated and Observed Frequencies (in cm~ 1) and PEDs for trans-cis-Diacetamide 


Obs. Cale. Av PED 
CH,;CONHCOCH; 
A’ 3225 3240 —15 Fl, 1(101) 
3000 2963 37 F10, 10(78) Fil, 11(22) 
3000 2963 37 Fil, 11(78) F10, 10(22) 
2945 2945 0  F8, 8(100) 
2945 2945 0 F9, 9(100) % 
1736 1742 -6 FS, 5(56) F4, 4(21) F13, 13(16) ; 
1701 1702 —1  F4, 4(56) FS, 5(23) se | 
1506 1502 4 F13, 13(63) F4, 4(20) F3, 3(14) 
1426 1425 1 F21, 21(61) F20, 20(24) 
1426 1422 4 F20, 20(58) F21, 21(58) 7 
1376 1372 4 F18, 18(82) F19, 19(16) F6, 18(—12) . — 
1376 1371 5  F19, 19(84) F18, 18(15) F7, 19(—11) — 
1310 1323 -13  F2, 2(63) F3, 3(52) F2, 3(—11) ; 
1223 1223 0 F3, 3(25) F6, 6(21) F2, 2(19) F16, 16(17) is - ; 
F13, 13(16) FT, 7(13) : é —— 
1034 1053 19  F22, 22(46) FT, 7(36) 4 8 a 
1034 1016 18 F23, 23(65) cose 
1014 1000 14 F22, 22(34) FT, 7(31) fee 
= 840. -4  F6, 6(39) F2, 2(17) F23, 23(14) aS 
649 642 7 F17, 17(32) 7, 7(24) F14, 14(15) ae 
. ie 2 aes) FAS, 15(15) F6,6(13) ie 2 fs 
| _ -F17, 17(54) F 14, 14(26) = es! 
375 377 —2  FIS, 15(43) F14, ries abe Fis. 1%- — ee 
i” 162 2 F12, 12(71) F14, 14(10) FIS, oe ete 
aes: _ CH,CONDCOCH, CS aa 
=, a 2963 22 F10, 10(75) Fil, 11(25) best 
: ‘ neat at 22 ~~ Fil, 11(75) F10, 10(25) eae 
Ce se : > = F8, 8(100) : * ; i LS ware 
Pease -5 9, 9(100) ae 


F7, 7(10) 


— aD | 
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Table 3—Calculated and Observed Frequencies (in cm~ 


ene > 


') and PEDs for trans-cis-Diacetamide—Contd. 


Obs. Cale. Av PED 
CD,;CONHCOCD, 
1732 1738 —6 FS, 5(57) F4, 4(15) F13, 13(16) 
1693 1696 —3 F4, 4(59) FS, 5(22) 
1505 1501 4 F1i3, 13(63) F4, 4(21) F3, 3(14) 
1325 1325 0 F2, 2(64) F3, 3(35) F6, 6(12) F2, 3(—11) 
1228 1225 3 F6, 6(25) F3, 3(24) F2, 2(17) FT, 7(16) 
F13, 13(16) F16, 16(16) 
: 1092 1110 —-18 F19, 19(S6) F7, 7(34) F7, 19(—21) 
: 1068 1070 —2 Fi18 18(76) F6, 18(—12) 
: 1037 1024 3. _ F2t. 21(93) 
1037 1020 17‘ F20, 20(91) 
z 955 961 —6  F19, 19(30) F17, 17(16) FT, 7(12) 
: A’ 870 870 0 F23, 23(25) F6, 6(17) F15, 15(17) 
4 827 815 12. F22, 22(71) 
: ats 736 25 *F23, 23(54) F6, 6(17) 
587 594 =7.. F17,.17(28) F7, 7(23) F22, 22(10) 
$23 $24 —1  F16, 16(62) F6, 6(13) : 
397 397 0 © 'F17, 17(52). F14, 14(27) F15, 15(10) 
F15, 17(—10) 
337 335 2 ~~ FI1S5, 15(44) F14, 14(31) 
(164) 151 = A312, 32(68) F15, 15(14) F14, 14(12) 
~ CD,CONDCOCD, 
A 2400 2373 27 _~—s«* Fi, 1(100) 
2155 2210 — SF Fis. 11(70) F10, 10(29) 
: 2155 2209 —54  F10, 10(70) Fil, 11(29) 
feeet = 2115 2112 3 F8, 8(100) 
. oe 2115 2112 3 ~F9, 9(99) 
Ne 3: AE 1719 8 FS, 5(81) F7, 7(11) 
1687 1684 3. ae Hae F14, 14(11) ; 
136: 1368 -3  F3,3(76) 13, 13(22) F3, 18(—10) 
(1297 — ait a 266 i 6, 6(36) F16, 16(23) 
: ss ‘ ; FP, 6(—11) wees: 
F19, 19(45) FT, 19(—20) 
UG; 6(13)i > aS 8(sAg): 
jie IA IRD) =>: pete ark 
tubes FO MDD. wide Seley ig onl 


yy Rkten2 4 "7,7 ek 
a * - a ; (12) ° 
“xf fe es B ee Ae gs 
: Pa 4 
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parameters reported by Kuroda et al.'” The N : H 
and C —H bond distances are assumed to be 1.02 and 
1.08 A respectively; tetrahedral angles are assumed 
around the methyl group C atoms, and the CNH bond 
angles are taken as 120°. Based on C, symmetry of 
trans-cis-diacetamide, the 36 normal modes are 
divided into 23 in-plane (A’) and 13 out-of-plane (A”) 
vibrations. The in-plane frequencies reported by Uno 
et al.> for CH;CONHCOCH;, CH; CONDCOCH;, 
CD,;CONHCOCD,; and CD,;CONDCOCH; are 
used in the force field calculations. The force field 
refinements are carried out using the FPERT program 
of Schachtschneider'® after including the damped least 
squares subroutines. The absolute weighting factors’ 
are used for the frequency parameters. Of the 64 
parameters considered for the experimental force field, 
53 are refined using 89 frequencies. All the calculations 
are carried out on an IBM 370/155 computer. The 
refined force field is included in Table 2. The observed 
and calculated frequencies are summarized in Table 3 
along with potential energy distributions (PEDs). 


3 Discussion 

The carbonyl stretching force constants (F co) 
obtained in this work for trans-cis-diacetamide are 
very close to those of trans-trans-diacetamide’ and 
acetamide'® in the solid phase. The Fo values in these 
molecules are between 10.69 and 11.05 mdyneA ~! for 
the solid phase. These values are smaller than the Fco 
value in formaldehyde (12.9 mdyne A~')!° because of 
the strong z-electron delocalization present in amides 
leading to a decrease in the C—O bond order. The C— 
O bond is further weakened in the condensed phase by 
hydrogen bonding. The force constants for the CN and 
CC stretching vibrations and the methyl group 
vibrations are also close to the corresponding force 
constants of acetamide!®. 

The PEDs obtained for (rans-cis-diacetamide and its 
deuterated derivatives Suggest that most of the bands 
have mixing of several different modes. The carbonyl 
stretching modes corresponding to both the trans- and 
cis-parts mix together in the imide I bands at 1736 and 
1710 cm : In the spectrum of CH3;CONHCOCH,, 
which is quite reasonable. In the imide III bands at 
1310 and 1223 cm~', the two CN Stretching modes 
show strong coupling. Also in the deformation and 
asymmetric Stretching frequencies of —CH; groups 
the corresponding vibrational modes belonging to 
trans- and cis-parts mix to some extent. The tendencies 


to mix the vibrational modes are more or less similar in 


deuterated diacetamides also. [In the s 

CH,CONHCOCH,, the imide 111 band at 129305 
shows considerable contributions from the two CC 
stretching as well as the cis C =O rocking modes. The 
N-—-H rocking mode also contributes slightly to this 
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band. In the imide II band at 1506 cm | the Bee 
contribution comes from N—H rocking mode. This 
band has slight contributions from cis C = Oand trans 
C—N stretching modes. The mixing of N—H rocking 
and trans C—N stretching modes in 1506 and 1223 
cm! bands is similar to the observations made 
earlier>’?° that N-monosubstituted amides with the 
trans —CONH— group show the amide II and amide 
III bands arising from the coupling between Caan 
stretching and N—H in-plane deformation modes. 
The coupling of this type was also found for the 
—CONHCO— group having trans structure in it~’. 
In the fundamental bands appearing below 650 cm ‘*, 
the skeletal deformation modes are found to mix 
intimately. Apart from these modes, the cis and trans 
C—C stretching modes contribute significantly to the 
bands at 563 and 649 cm“! respectively. The frequency 
fit obtained in the present work shows less deviations, 
particularly in imide characteristic frequencies, than 
those obtained earlier®. The NCC deformation force 
constants for the cis- and trans-parts differ 
significantly. In the C—O and C—N stretching force 
constants the differences between the cis- and trans- 
parts are found to be very little. 
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New dioxouranium (V1) complexes of the type VUO,L.CH3OH (where LH, = Schiff base 1) have been synthesized and 


4 
; 
: 


heterochelates are seven-coordinated: 


1 Introduction 

The coordination complexes of arylhydrazones are 
known to possess biological activity as they act as 
inhibitors for enzymes'. The Schiff base, N- 
salicylidene-N’-salicylhydrazide(1) is a potential 
hese ligand and forms? ° complexes with 
. sr (II), nickel (II), cobalt(II), titanium(IV) and 
tin (IV). The structure of Schiff base 1 is shown in Fig. 1. 
a “Although there is a report of a 1:2 compen of 
h 1(X =H), the 1: 1 complex has not been 


nhc In continuation of perp pore 


Se as a 


. characterized on the basis of elemental analysis, quantitative determination of ligand, conductance, molecular weight, magnetic 
susceptibility, IR, NMR and electronic spectra. The reactivity of the complexes towards bidentate ligands has been tested and 
dioxouranium (VI) heterochelates of the type UO,L(AA) (where AA = bidentate NN donor ligand) have been synthesized. The 
complexes are non-electrolytes, diamagnetic and monomers. The UO,L.CH3,OH complexes are six-coordinated and the 


OH 
=oOe BOE 
C=N — NH— f 
vf 
H 


Fig. 1—-Structural formula of Schiff base | (X represents H, S-chioro, 


: 5-bromo, 5-methoxy. 3-methoxy, 3-ethoxy, 3 .5-dichloro: and 5,6- 


pene) 


Bastmalk Kodak Co. (USA). Saanvles of ethoxy 
salicylaldehyde, 2-hydroxy-l-naphthaldehyde, 
tetramethylenedi: iamir a 


INDIAN J PURE & APP 
Electronic spectra were recorded on a Unicam SP- 
1600 spectrophotometer. Nuclear magnetic resonance 
spectra were recorded on a Varian NMR spectrometer 
(T-60 60 mH) in DMSO-d, using tetramethylsilane as 
the internal standard. Magnetic susceptibility 
measurements were done by the Guoy method using 
Hg[Co(NCS),] as the standard. 


2.3 General Method of Syntheses of Dioxouranium (V1) 
Complexes 

Complexes of the type UO,L.CH;0H—A 
methanolic solution of dioxouranium(VI) acetate 
dihydrate (0.84 g, 0.002 mol in 10 ml) was added to a 
methanolic solution of the appropriate Schiff base 
(0.002 mol in 200-300 ml). The mixture was refluxed on 
a waterbath for 2 hr. A methanolic solution of sodium 
methoxide (0.22 g, 0.004 mol in 30 ml) was added to this 
solution. The mixture was refluxed for 1 hr on a 
waterbath. The separated precipitate was suction 
filtered, washed with methanol and dried in vacuum at 
room temperature (;ield = 70 %). 

Heterochelates of the type UO,L(AA)—A metha- 
nolic solution of dioxouranium (VI) acetate dihydrate 
(0.84 g, 0.002 mol in 10 ml) was added to a methanolic 
solution of the Schiff bases (1) (X = H, 0.52 g, 0.002 mol 
in 200 ml). The mixture was refluxed on a waterbath for 
2 hr. A methanolic solution of the. appropriate 
bidentate ligand (0.002 mol in 10 ml) was added to this 
mixture and was refluxed on a waterbath for 1 hr. The 
separated compounds were suciion filtered, washed 
with methanol and were dried in vacuum at room 
temperature (yield = 80%). 


3 Results and Discussion 
3.1 Synthesis 

The Schiff bases(1) react with dioxouranium (VI) 
acetate dihydrate in methanol in 1:1 ratio and form 
complexes of the type UO,L.CH,OH. These 
complexes exhibit a broad band around 3400 cm“! 
which can be assigned to the v(OH) stretch of 
methanol. The v(C — O) (alcoholic) stretch of methanol 
occurring’ * at 1034 cm ' shifts to ~970 cm! and 
this is indicative of oxygen coordination of methanol. 
The complexes do not decompose or lose weight on 
heating at 120°C for hours and this indicates that (i) 
methanol is not lost at this temperature, and (ii) it is 
coordinated to uranium. The complexes react with NN 
donor bidentate ligands in methanol and heterochelate 
complexes of the type UO,L(AA) (where L = N- 
salicylidene-N’-salicylhyd razide, AA 
= ethylenediamine, trimethylenediamine, _ tetra- 
methylenediamine, hexamethylenediamine, ortho- 
Phenylenediamine, orthophenanthrolene, 2,2’-dipy- 
ridy! or 3-aminopyridine) are formed. The hetero- 
chelates have been prepared in situ without isolating 
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the homochelate. We wish to point out that the in situ 
method of synthesis of heterochelates described here 1s 
simpler and less time-consuming as it does not involve 
the isolation of the homochelate in solid state. It is seen 
from Table 1 that all the complexes show non- 
electrolytic behaviour Ay = 1.2-8.8 
ohm~! cm? mol” '). The complexes are monomers and 
are diamagnetic as expected for a 5 f° system. 


3.2 Infrared Spectra : 
Although the Schiff bases(1) are potential 
tetradentate ligands, these have been found to behave 
as tridentate ligands and not as tetradentate 
ligands? °. The Schiff bases exhibit the v(C =O) 
stretch at 1645-1660 ¢m' and this band is absent in 
the complexes indicating the destruction of (C =O) 
group due to enolization (Table 2). A strong band in the 
ligands at 1620-1630 cm! is assigned to the v(C = N) 
stretch. On complex formation, this band shifts to 
lower energy by 5-30 cm‘ indicating coordination 
through the nitrogen atom of the azomethine group of 
the Schiff bases!®. The v(C—O) (phenolic) stretch of 
the Schiff bases (1) occurs at 1535-1560 cm‘ and this 
band shifts to higher energy by 5-30 cm™* in 
complexes, indicating oxygen coordination of these 
ligands!®. The shift of the v(C—O) (phenolic) band to 
higher energy is expected due to the maintenance of a 
ring current arising out of electron delocalization in the 
chelate ring. A new strong band at 1240-1250. cm * in 
the complexes is assigned to the v(C—O) (enolic) 
stretch'’:'®. The analytical data and the consideration 
of valence requirement of uranium indicate that the 
Schiff bases are behaving as dibasic ligands. There are 
two phenolic hydroxyl groups in the Schiff bases and 
on the basis of previous work? * in the field we suggest 
that the phenolic oxygen atom of salicylaldehyde 
moiety is coordinated. A broad band at 3300-3400 
cm ' in the complexes confirms the presence of non- 
coordinated OH group of ligands. Although this band 
may also be due to v(OH), v(CH,;OH) and v(NH) of 
aliphatic or aromatic amines, the presence of this band 
in UO,L(AA) (where AA = orthophenanthroline or 
2,2'-dipyridyl) supports the above assignment. The v(C 
=N) (ring) stretch ‘of 2,2'-dipyridyl, ortho- 
phenanthroline and 3-aminopyridine occurs at 1582, 
1558 and 1590 cm! respectively!?~ 2! In the 
heterochelates, this band shifts to higher energy by 5-15 
1 : rgy by S- 
cm and merges with the v(C =N) (azomethine) 
stretch indicating nitrogen coordination of the 
bidentate ligands. The NH, bending vibs 7 
ethylenediamine, trimethy 


methylenediamine, 


TT 
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Table 1—Analytical, Conductance and Molecular 


Weight Data of Dioxouranium (VI) Complexes with the Schiff Bases* 
Compound 


Stoichiometry An Mol. ‘OA N;.% Ligand 

= (ohm~' weight” 6. 

mol” ' em?) 

. UO, (sal-SHZ).CH,OH C,sH,4N,0,U 4.8 542 42.5 5.2 45.3 
. (S56) (42.80) (5.04) (45.68) 
UO, (5S-chlorosal-SHZ).CH,OH C,sH,,;N,0,CIU 8.8 610 40.2 4.5 49.1 

(590.5) (40.30) (4.74) —- (48.86) 
. UO, (5-bromosal-SHZ).CH,OH C,;H,;3N,0,BrU 2.8 649 37.2 4.7 52.1 
%: (635) (37.48) (4.41) (52.44) 
UO, (5-methoxysal-SHZ).CH,OH C,6H,.6N,0,U 2.3 573 40.3 4.5 48.6 

(586) (40.61) (4.78) (48.46) 

UO,(3-methoxysal-SHZ).CH,OH C,6H,.N,0,U 5.8 604 40.8 49 48.3 

(586) (40.61) ~—- (4.78) (48.46) 

UO, (3-ethoxysal-SHZ).CH,OH Ciphiahs0-0 5.2 617 39.8 4.4 49.5 

: (600) (39.67) (4.67) _— (49.67) 

UO, (3,5-dichlorosal-SHZ).CH,OH G\sH;2N;0,Cl,U 72 608 38.4 4.5 51.9 

(625) (38.08) (4.48) ~—-(51.68) 

UO, (hydroxy-SHZ).CH,OH C,oH,,.N,0,U 6.7 616 39.5 4.7 49.8 

es : (606) (39.27) (4.62) (50.17) 
UO,(sal-SHZ).en Ci6H,sN,O;U 6.8 567 40.9 9.4 43.5 

ia ; . (584) (40.75) (9.59) (43.49) 
UO,(sal-SHZ). C,,HyoN,O;,U 52 573 39.4 9.1 42.6 
diss _ . (598) (39.80) (9.36) ~—- (42.47) 
UO,(sal-SHZ). bi CizHoN,O,.U 1.2 635 38.5 9.4 41.7 

(612) (38.89) (9.15) (41.50) - 


eS | . P CoH »,.NsO5U Sy: <0 67 SARA 8.5 
ae ; See ae z (640) (37.19) (8.75) ; 
Re ile ssc ONG, U ED O52 378. ee 

- igs | (632) (37.66) 


Cr4H gNsO5U_ Soe ees, ce cat «| 
ane it See (680) (35.00) 
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Table 2—Infrared Spectral Data of Dioxouranium(VI) Complexes with the Schiff — | 
Compound Complex (C—O) Ng Vs mdyne, Ru—o | 4 
(ligand) (phenolic) (O= U= O) (O=U=O) a 
v(C = N) cm} cm"! fu—o 2 
cm~! cm 
UO, (sal-SHZ).CH,OH 1605 1565 910 840 6.88 1.74 
; (1620) (1545) ee 4 
- UO,(5-chlorosal-SHZ).CH,OH 1605 1570 895 825 6.65 1h ee 
(1630) (1550) 
UO,(5-bromosal-SHZ).CH,OH 1600 1565. 895 825 6.65 1.74 ; 
(1630) (1535) ; 
UO,(5-methoxysal-SHZ).CH,;OH 1595 1560 885 810 6.51 Lis 
(1620) (1555) | eS 
UO,(3-methoxysal-SHZ).CH;0H 1605 1570 895 825 6.65 1.74 - : 
7 (1620) (1560) . ae ee 
* UO, (3-ethoxysal-SHZ).CH OH 1600 1570 890 820 6.58 115) ae 
(1620) (1555) se a a 
UO, (3,5-dichlorosal-SHZ).CH;OH 1595 1560 890 R10 > 5 ae 
(1620) (1555) eee 
_UO,(hydroxy-SHZ).CH,OH 1585 {5502.3 SRO ae 810 6.43 . LHe 
| (1620) (1535) . Saegoes 
UO,(sal-SHZ).en 1600 1550 870: = RDO 6.29 — 
: UO,(sal-SHZ).tn ee 1600 1555 880 810 = as ee 2 Foetriig 
_ UO, (sal-SHZ).bn | 1600 1555 885 815 a rte 
—UO,(sal-SHZ).hn 1600 1555 - 900. 830 6732-52 
es UO, (sal-SHZ). phen 1595 1550. 390 805 658 es 
oo =. UOGashZ).bipy 1600 =————«1550 900 830 6543522 
os eee Sie) Ampy 1600 1550 895 eee 
; : eset ophen | . 1600 ey 900 830 


Fe i Table 3—Proton NMR Spectral Data (0 in ppm) of Schiff Bases and Dioxouranium (\ Ui 


Compound . ae ae : Alcoholic Alkyl Alkoxy Aromatic 
f proton ‘protons protons protons 


RS at ee eee 696-802 


é = = x > f 47 ie 3.50. Sr 
Sh Ae SiHy<= fs ft ers 


a ae * 


Se a Saket ers, 
; ah (s. aH) ae 
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(R) has been calculated using the equation?’ R 
= 1.08 f*° + 1.17, and the values are in the range 1.74- 
1.76 A and these occur in the usual range (1.60-1.92 A) 
as reported for the majority of dioxouranium(VI) 
complexes?®. 


3.3 Electronic Spectra 

The Schiff base 1 (X =H) exhibits four bands at 
30030, 33780, 40650 and 45660 cm ~! due to the n> T*. 
hydrogen bonding and association, I1>IT* and Ph 
+ Ph* transitions respectively*’?’. In the complexes, 
the n—II1* transition shifts to lower energy (~ 27,800 
cm''). The band due to hydrogen bonding and 
association is absent in the complexes, as expected. The 
band due to I1-TI* transition does not undergo 
appreciable shift on complex formation. The 
complexes exhibit a new band at around 21,000 cm™! 
which is assigned to the 'E” > °I1, transition typical of 
OUO symmetric stretch frequency for the first excited 
state*®. 


3.4 NMR Spectra 

The NMR spectra of the Schiff bases (1) and the 
complexes UO,L.CH,OH were recorded in DMSO- 
d,. The chemical shifts (6) are expressed in Table 3 in 
ppm downfield from tetramethylsilane. The ligands 
exhibit a multiplet at 6.72-8.00 ppm due to aromatic 
protons, a singlet at 8.62-8.78 ppm due to azomethine 
proton, a broad signal at 10.82-10.94 ppm due to 
phenolic hydroxylic protons, and a singlet at 11.64- 
12.18 ppm due to the N—H proton*’*!:°*. The NMR 
data of the ligands indicate the presence of the keto 
form of the ligands in DMSO-d,. Methanol exhibits 
alcoholic protons at 4.84 ppm and methyl protons at 
3.35 ppm**. The appearance of alcoholic proton 
(singlet, 1H) at 2.50-2.59 ppm and methyl protons 
(singlet, 3H) at 3.46-3.60 ppm in the spectra of the 
complexes confirms the presence of methanol in the 
complexes**. In the spectra of the complexes, the signal 
due to the azomethine proton appears at 8.21-8.54 ppm 
(singlet, 1H). The downward shift of this signal 
indicates the coordination of the nitrogen atom of the 
azomethine group*’*!**°. The uncoordinated phenolic 
hydroxyl proton occurs at 9.28-9.38 ppm. The absence 
of N—H proton in the spectra of the complexes 
indicates the enolization of the keto group. The Schiff 
bases 1 (X = 3-methoxy and 5-methoxy) exhibit a 
signal (singlet, 3H) due to the methoxy group at 3.88 
m respectively. In the complexes, these 
ffer a small shielding: 4.10 ppm for X = 3- 


It is apparent from the evidence presented that the 
complexes UO,L.CH,OH are octahedral and the 
heterochelates UO,L(AA) are seven coordinated 
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The reference interaction site model (RISM) equations have been used for fused hard spheres as well as Lennard-Jones (LJ) 
interaction sites fluids to obtain the Site-site distribution functions and the structure function of liquid oxygen, chlorine and 
iodine. The use of LJ interaction sites improves the result over that of hard sphere calculations of Hsu et al. [Chem Phys 
(Netherlands), 14 (1976) 213] for oxygen. In chlorine a three (hard sphere interaction)-site model with an auxiliary site at the 
centre of the molecule works better than a two (LJ)-site model. Liquid iodine has been studied with a three-site model. In the 
case of oxygen, the agreement is excellent and in the other two cases the RISM theory fails to give a good account of the 
experimental results and the agreement is only qualitative. The intermolecular potential functions have been obtained for these 


liquids from the RISM structure function. 


1 Introduction 
The reference interaction site model (RISM) 
theory’ ° has been applied to study the equilibrium 
structure of a number of fused hard-sphere molecular 
liquids*~°, and it has been found to predict good 
results fast the distribution functions. Recently, 
Johnson and Hazoume’ have extended the study to 
include Lennard-Jones (LJ) interaction site fluids and 
have concluded that the RISM distribution functions 
of LI i interaction site fluids are as accurate as RISM 


vanes 1 this paper, the formalism of Johnson and 
>” has Le used to study the liquid structure 


rin meee eee HS and Lu 


8a,(r) =h,,(r) + 1 


lis 7 i ution functions for hard sphere {HS) interaction 


where /,..is the distance between the sites «and y in the 


same molecule. The function @,,(k) gives the ideal gas 
structure function for diatomic molecules, which is 
given by 1 + @,,(k), where the interaction sites « and ) 
sit at the two atomic centres, in a diatomic molecule. =e. 


The site-site pair distribution function: Bay(r) is a 
defined as Te - pies. a 


; The Fourier transform (FT) of he ( 
alk). , . : 

The RISM Eqs(1)to(3) can b 3 | 
a process of iterati ase start v 
is taken to be equal to unit; 
aa nO . a i 
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and the repulsive LJ potential given by 


12 6 
(. 
mt Aeal(*2)"—(22) Joy, rs2%e 


(r)=0 et) 


where o,, and é,, are the diameter and the potential 
depth respectively. 

The function, n,,(r) gives the average number of sites 
of type y associated with molecules 2, 3,..., N that will 
be found within a sphere of radius r centred on the ath 
site of molecule /. Thus, 


p> 2 6. 


n,,(r) = 40 p,, f 8a,(r)r? dr tea) 
When the right hand side of Eq. (11) is integrated over 
the first co-ordination shell, n,,(r) gives the co- 
ordination number of y-sites around an «-site. 

The RISM structure function S(k) for homonuclear 
diatomic molecules is given by 


S(k) = 1 + @,(k) + 2ph, ,(k) 22 CED) 


3 Results and Discussion 

Hsu et al.* have applied the fused hard-sphere 
interaction site model for liquid oxygen. They used 
both a two-site model and also a three-site model with 
an auxiliary site at the centre of the molecule. The 
implications of the use of auxiliary sites have been 
discussed by them in detail. Johnson and Hazoume’s 
method’ allows one to use the more realistic LJ 
potential for the site-site interaction in this liquid. In 
our present model for oxygen molecule, we have two 
interaction sites located at the centre of the oxygen 
atoms, lying at a distance of 1.20 A and interacting 
through a repulsive LJ potential as defined by Eq. (10). 
Calculations were performed with various sets of 
potential parameters, i.e. G00 and é00 (where the 
subscript O stands for the oxygen atom site) so as to 
obtain the best possible fit with the experimental 


30 
02 
Present Calc. 
ooooo Experiment 
SS ee tare = HSu etal. 
i : =—x—x—x— [deal gas 
-_ ie 0 
S ‘ 
o E 
XN -. 
ro . ro Pe 
~ . 
KK) 


vi a 1 Structure function, S(k) of liquid oxygen 


=e 
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Fig. 2—Site-site pair distribution functions, g(r) of liquid oxygen 


Table 1—Values of Various Parameters in RISM 
Calculation for Liquid Oxygen 
T = 84K; p = 0.02198/A? 
loo = 1.20A: 500 = 3.00A 
£90 = 0.75 x [0 erg 
¥= 0:8 


structure factor, S(k) obtained by Dore et al.® by 
neutron diffraction at the same state for the liquid. The 
best result was obtained for ¢99 = 3.00A and E90 
= 0.75 x 10° '* erg. The S(k) thus obtained has been 
compared in Fig. | along with the experimental result 
of Dore et al.® and Hsu et al.’s result* for a two (hard 
sphere interaction)-site model. It is clearly seen that the 
use of repulsive LJ potential improves the result, all 
throughout the k-space, over the fused hard-sphere 
sites model. It may be pointed out here that a long- 
range LJ potential was also tried, but no solution to the 
RISM equations was found, and hence a cutoff LJ 
potential defined by Eq. (10) was used. Table 1 gives the 
various parameters used in the RISM calculation for 
liquid oxygen. 

The RISM pair distribution function for oxygen 
atoms goo(r) and the oxygen atom co-ordination 
number, noo(r) obtained are plotted in Fig. 2. From this 
analysis, the number of nearest neighbour oxygen 
atoms around central oxygen atom has been found to 
be nearly 26. Hsu et al.* also obtained the same result. 

Gamertsfelder® has reported the S(k) of liquid 
chlorine from X-ray diffraction. There being very little 
information, it will be of interest to see liquid structure 
of chlorine in the light of RISM theory. While working 
on liquid bromine, Hsu et al.* have concluded that a 
three-site model with an auxiliary site at the molecular 
centre (denoted by say, X) improves the result over a 
simple two-site model with the sites located at the 
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atomic centres. Thus a two-site model with repulsive 
LJ interaction sites and a three-site model with HS 
interaction sites have been used in the liquid chlorine 
study. The S(k)s obtained from both the models have 
been plotted in Fig. 3, along with the experimental 
result of Gamertsfelder’. The three-site model predicts 
better agreement with experiment than the two- site 
model, though none of the two accounts quantitatively 
the experimental results. Particularly, the small peak at 
5.2 A~!, found in the experimental S(k) curve, could not 
be reproduced from our calculations. However, in the 
three-site calculation, the third peak in S (k) splits and a 
shoulder-like peak in obtained at 6.2 A~', which may 
be corresponding to the experimental eal at 5.2A~ 
In the large k region, the fit is very good. Though 
quantitatively not so good, the theoretical result is in 
good qualitative agreement with experiment. Further, 
since the experimental results” are pretty old, the 
extent of its accuracy is doubtful. The RISM 
parameters obtained for the best fit to experimental 
result: for liquid chlorine are given in Table 2. 
el ie theory has the advantage of giving all the 
rtial distribution functions and thus give a 
] ure of the ee Sieieuire. sa 4 shows 


{r uctur 


id chi a) ne. ee Sa 
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Fig. 3—Structure funciton, S(k) of bis id chi 
fe*2 ane ; 


a so 


take a three hard sphere interaction site model, one 
each lying on the atomic centres and the third at the 
centre of the molecule. Various sets of parameters were 
tried for the o,,s to obtain a good account of the 
experimental S(k). The best fit was obtained for oy 
= 3.80A, ox =3.45A and oxx = 5.30A. In Fig. 5, we 
' compare the RISM S(k) function with the neutron 
diffraction result of Bosi et al.!° The results obtained 
are Only in qualitative agreement with experiment. 
With the present model, we could obtain the split in the 
first peak, but the peak heights and positions are not in 
conformity with experimental results. However, from 

the second peak onwards the agreement with 
experiment is better. The various potential parameters, 
along with other constants are given for liquid iodine in 
Table 3. . 

The partial pair distribution functions obtained for 
liquid iodine are given in Fig. 6, along with the n,(r) 
function. An iodine atom is seen to have about 17 
iodine atoms as its nearest neighbours. 

:. The intermolecular angle-averaged potential 
___ function has been calculated for the three liquids from 
the RISM S(k) obtained, through a method given by 
= cenit Joarder!'. In Figs 7 and 8, we present 
sa gs For liquid chlorine and iodine, a 
, = s! eae the potential funciton has been 
- ae otted. he oxygen potential does not show a 
3 unced potential “enerey es This may be 
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Properties of interacting bosons have been studied using the Hamiltonian written in terms of the density fluctuation 
operator p, and the velocity operator v,. Calculations carried out for the excitation spectrum, structure factor and velocity of 
sound for a dilute system of bosons using Gaussian potential and Lennard-Jones potential show a marked agreement with the 
corresponding values obtained experimentally for liquid *He for only some definite values of wave number k only. The 
calculations show that if the transition temperature is large, the depletion is small and vice versa. 


1 Introduction 

In our previous paper’, the properties of interacting 
bosons have been studied using the Hamiltonian 
written in terms of the density fluctuation operator p, 
and velocity operator x,. The calculations done for the 
Bogoliubov excitation energy spectrum! EP showed 
marked difference between the theoretical and the 
experimental curves. As shown earlier’, this result 
might improve if we take into account the effect of 
phonon-phonon interaction in the excitation spect- 
rum. In Ref. 2, it is also mentioned that the best realistic 
potential to be used for such type of calculation will be 
that of Lennard-Jones potential. 

In an attempt to improve the results obtained 
earlier’, we have used both the Lennard-Jones and the 
Gaussian- equivalent of Lennard-Jones potentials in 
our present calculations. In Ref. 1, the effective mass of 
helium atom m* was used in the reaction matrix ¢, only. 
In the present paper, m* has been introduced in the 
excitation energies E;~’ and Ef. Studies of both low 
and high density systems of bosons using hard core 
followed by an attractive square well potential have 
already been done by Khanna and Phukan’. These 
calculations were extended by Khanna et al.* for the 
calculation of energy excitation spectrum and 
structure factor A, using Gaussian equivalent of the 
Lennard-Jones potential. They obtained good 
agreement with the experimental curve of Cowley and 
Woods? for the energy excitation spectrum for a high 
density system of bosons. However, for a low density 
system they could not get proper roton dip. It is also 


seen that at sufficiently low density the roton dip 


vanishes, as already pointed out by Padmore’. 


- 


leave from the Department of Physics, D M College of Science, 


The main purpose of the present paper is to study the 
elementary excitation spectrum E,, 4, and the ground 
state energy of an assembly of interacting bosons by 
using the formalism derived earlier? and replacing v(k), 
the Fourier transform of the interaction potential 
between helium atoms by t,. The use of soft core? has 
no theoretical foundation and as such we have used 
hard core. 

We have done calculations of Ef, 4, and the ground 
state energy by using both Lennard-Jones potential 
and Gaussian equivalent of the Lennard-Jones 
potential. To calculate E,, we have not used the effect of 
phonon-phonon interaction, instead we have 
introduced the effective mass m*. We replaced the mass 
of helium atom m by m* for the calculation of E,. With 
the proper choice of m*/m value we are able to get 
similar results as obtained by Kebukawa et al.” using 
phonon-phonon interaction. We used in our 
calculation the value of m*/m = 1.18 which is the same 
as used by Kumar and Kachhava’ for their calculation 
of E, using Lennard-Jones potential for a high density 
system of bosons. It seems that the introduction of 
phonon-phonon interaction and the calculation 
replacing m by m* are equivalent processes since in that 
case the E, curve shows a better agreement with the 
experimental curve. 

As for the calculation of A,, there is hardly any 
change in its value with the introduction of m*. This 
may be due to the fact that A, is a Fourier transform of 
the pair distribution function which will absorb in its 
fold the nature of all kinds of interactions that may 
exist in the system. 

We have also done calculations of the transition 
temperature, the depletion of the ground state and 
velocity of sound c,. Graphs have been drawn for c, for 
different values of wave number k, keeping density 
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1/2 | - = 
2 Ae: a( ie ves (1 — A, Aq) 3 


constant and also c, for different densities in the limit k 


Rm N12 
~ 8m a a 


a p+q#9 


x {Bt, p+aPBp ie By+qB-q} 


2 Theoretical Derivation 
Let us consider a system of N-bosons enclosed in a 
volume Q. It is assumed that the density is held where 
constant éven when N and Q are allowed to approach N(N —1) 1 h2k2 
infinity. The Hamiltonian in terms of p, and x, is given E> = wane) fee > Y 4 ER 
in Ref. 2 as k#0 
and 


N(N —1) ; 
H= 0 bo 5k 
oe a ez zi a v{ me gees. Feed (3) coed 


hk = 
a an Dy V—K + Ss +3¥0) Jas} 
The expression E§ represents the ground state 
B=. : the lowest order approximation. The : 
* pa san YpPp+4q%q represents the Bogoliubov excitation energy 
Bare not involve the effect of phonon-phonon i inter 
1 The quantities of interest that are to be ca 
(D.4) Pp P -p- -eba}- O (x ae explicitly are: (1) 4, given by Eq. (3); (2) EB g 
(8); and (3) EP given by Eq. (9). ace 
The calculation of these quantitie 
meat — p, and »% can be written as - Maluaien etyitwaee contains aes, 
in helium atoms. oe 
a nd de ; 


1S IE: 8m. 8mN1/2 


ae ae ee Hae 
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sin ka 


+5 ie —h? k?/2m — Pte} ... (16) 
k#O 
3 Interaction Potentials 

The interaction potentials to be used for our 
calculations are: 


Lennard-Jones potential given by 


rsa 
Ma.—alr) = i —(a/r)®} ra KE) 
and Gaussian potential given by 
Valr) = 
+ 00 3 rsa 
«et (G) S-e|-(S2)H] 
P LR P Ha ra 
...(18) 


where Hr and pi, are repulsive and attractive ranges after 
core. The values of the parameters chosen for 
our calculations for both the potentials are 


a=2tA, ve pittaae Aad 
we = 0.1103 x 107 "em 2 4 =0.2206 x 10" em 


. From ae 1 and 4u we can write for a dilute system of 


ae * 
a = 
Hy “( d- 


5 Ground State Energy per Particle 


From Eq. (16) the ground state energy per particle is 
written as 


E6/N = }ptoo, 00 + (1/427 p) fiejet —(h* k?/2m) 


sin ka 
ba ka Pts, oo fd ...(23) 


Inserting the parameters as used in the calculation of EP. 
E§/N is calculated approximately as: 

E6/N = — 6.10 x 10~ erg (using Gaussian potential) 
and 


E/N = —3.32x107'%erg (using Lennard-Jones 


potential) 
The value obtained in Ref. 2 with lowest-order 
approximation is E$/N = — 9.07 x 107 '° erg whereas 


the experimental value® is —9.7 x 107 '° erg. 


6 Velocity of Sound 
In the limit k>0, Landau’s relation between the 
energy E, of a phonon and its momentum hk is, 
Ey, =e, hk: ...(24) 
where c, is the velocity of sound in liquid helium at 
absolute zero. We have from Ref. 9 
E,=h* kat % 
From nas (24) and (25) we get 
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For the Gaussian potential, e’ is 6.10 x 10° *° erg, e 
T.=2.943K, and po/p=0.92 ...(30) ‘ . 
For the Lennard-Jones potential, e’ = 3.32 x 107 '° erg, , 
T.=2.766K, and po/p =0.87 fad) 32 
B 
8 Numerical Calculations and Results mm i / / 
Inserting the value of too, 99 from Eqs (20) and (21) into es 
Eqs (14), (15) and (16), 4,, £8, E8/N arecalculated andE, = /* = 
is calculated from Egs (22a) and (22b) using the 8 d 
following parameters : 320 / 3 
a=21A; ¢=14.11 x 107! erg; 2 
m= 6.646 x 10°**g;  m* = 1.18; S16 e 
p = 2.165 x 10”? particles cm~?; is 9 
h = 1.054 x 10” ergsec; 12 « 
bz =0.1103 x 107'®%em?: and 
13, = 0.2206 x 107 '®cm?. . 
The results of the various calculations are plotted in Figs & 


1-5. In Fig. 1, Ef and E, are plotted against k using 

Gaussian potential and E; is the experimental curve due accent ae 

to Cowley and Woods’. In Fig. 2, E2 and E, are drawn ee 4 Mg 2 

against k using Lennard-Jones potential. In Fig. 3, J, is ie oe 

plotted against k using both Gaussian as well as drawn for Lennard-Jones potential 
" Lennard-Jones potentials. In Fig. 4, the velocity of respectively; Ej is the experi 

sound (c,) is plotted against k, and in F ig. Sc, at various ‘Se 
densities is drawn for both the potentials. 32 


9 Discussion 
_ The purpose of all calculations so far has been to see Seats “aR 
how best the results obtained from theory of interacting 2 bs weer. 
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o68 
kk) 

Fig. 4—c, as a function of k drawn from Eq; (26) [Curves G and L — J 

are drawn for Gaussian and Lennard-Jones potentials respectively. ] 


Table 1—Comparison of Landau Spectrum 


Source A(k)in K~") —ko(in A~*) Reference 
Neutron 8.67 + 0.04 1.936+0.005 Cowley & 
Scattering Woods* 
Thermodynamics 9.60 1.95 Landau’? 
Theoretical 8.452 19 Kebukawa 
abe et al? 
-do- 8.60 1.85 Present work 
an | . (Gaussian 
gh = - potential) 
i 9.39 1.85 Present work 
eit (Lennard- 
— Jones) 
as «£78 18 Khanna et alt 
ie CC 792 19 Lu & Chan!! 


400 


100 


14 1.6 1.6 2.2 2.4 2.6 


2.8 (3.0 
pix estinte cm3) 


Fig. 5—c, versus density at k +0 [Curves G and L — J are drawn for 


Gaussian and Lennard-Jones potentials respectively using Eq. (27)] 


Table 2—Ground State Energy per Particle E$/N 
(in 10'° erg *) 


p, 107? particles cm~* E8/N Reference 
2.18 —9.7 Exptl® 
2.1834 —9.07 Kebukawa et al.? 
2.165 —6.16 Present work 
(Gaussian potential) 
2.165 —3.32 Present work 


is See The comparison shows poor ——; 
among the various results and hence the need for furth 
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we are able to find an exact relation between E, and Ay Refer asia M, Singh $ C & Sinha O P, IndianJ Pure & A 


that is valid for all values of k and not merely in the limit 19 (1981) 985. be 
k-+0, the agreement between theory and experiment =) Kebukawa T, Yamasaki S & Sunakawa S, Prog Theo Phys Japan) 
will continue to remain poor, although the interaction 41 (1969) 919; 44 (1970) 565. ee 

3 Khanna K M & PhukanA N, Physica A (Netherlands), $8 (1 IZ 


ential given in Eq. (18) and constructed by us lon 
ae : ris to be a Ae right t We a = 263, 60 (1972) 488. ; 
8 a eis YPE- ; 4 Khanna K M, Das B K & Sinha O P, Physica A (Nether 
concentrating on obtaining such an exact relation (1974) 137. - 
starting from pair distribution function. This will form 5 Cowley R A & Woods A D B, CanJ Phys (Canada), 4919 


the subject matter for our future communications. 6 Padmore T C, Phys Rev Lett (USA), 39A (1974) 826. 
: 7 Kumar M & Kachhava C M, Physica B (Netherlands), 


' 98. : 
Acknowledgement 8 Koller E W, Helium-3 and helium-4 Pienin Press, . 


One of the authors (SCS) is thankful to the University 1968, 137. | 
9 Khanna K M & Mehrotra SN, Ph ysica « A (Netherlands 


Grants Commission, New Delhi, and the Government 56 
| of Manipur for the award of a teacher fellowship. The 19 penshaw D G, Phys Rev (USA), 119 (1960) 9. 
° autho ors thank Dr S S Khanna, Director, NIFFT, 11 Lu p & Chan C K, Phys Rev B (USA), 2D (1979) 37 
_ Ranchi for encouragement. 12 Landau L D, J Phys (USSR), 5 (1941) 71; 11 (1947) 


Indian Journal of Pure & Applied Physics 
Vol 21, February 1983, pp 103-106 


Bound s-State Energies for Superposed Screened Coulomb Potential in Ecker- 
Weizel Approximation 


A P KAJWADKAR & L K SHARMA* 
Department of Applied Physics, Government Engineering College, Jabalpur 482001 


Received 5 February 1982; revised received 13 September 1982 


Quantum defect, quantum number shift and bound s-state eigen energies for ns states of a superposed screened Coulomb 
potential have been obtained. It is also observed that this potential possesses features similar to alkali atoms and alkali-like 


ions. 


1 Introduction 

Screened Coulomb potentials have attracted 
considerable attention on account of their ability to 
describe adequately the effective interaction in a many- 
body environment of a variety of fields such as atomic, 
nuclear, solid state and plasma physics. The 
normalization screening theory has been applied 
successfully to explain the anomalously large photo- 
defect cross-section in molecular hydrogen’. There are 
many atomic and nuclear processes which are 
characterized by the behaviour of an electron wave- 
function at the origin. One such phenomenon is the the 
orbital electron capture and in this, only the region of 
overlap between electron and nuclear wavefunctions is 
involved. 

The screened Coulomb potential has been treated 
numerically and analytically by various workers using 
different methods such as the WKBJ method?, the 
quantum defect method’? and different types of 
perturbation and non-perturbation methods* °. But 
all these methods are not simple and involve many 
parameters. Ecker and Weizel’ solved the radial 
Schrédinger equation by a simple and approximate 
method. Using the same standard procedure, Lam and 
Varshni® and Rogers et al.’ obtained bound s-state 
energies for the static screened Coulomb potential 
(SSCP). Ray and Ray’® obtained s-matrix, discrete 
energies and wavefunctions for the s-states of 
exponential cosine screened Coulomb potential 
in Ecker-Weizel (EW) approximation. 


re 


while the modified screened Coulomb potential has the 
form 


V(r) = — £2 pier wie 


The potential given by Eq. (1) is also called the Debye 
potential and finds application in plasma physics 
describing effectively the interaction of a plasma sea on 
a localized two-particle system. The screening 
parameter 0 is affected by the temperature and density 
of the plasma sea. At a given density and temperature, 
the average radius would exceed one half of the average 
internuclear separation. In this region, the approxi- 
mation that the electron is bound to a single proton no 
longer remains valid. One must take into account, 
therefore, systems in which the electron is bound in 
screened Coulomb potential having a more general 
form and potential (2) actually depicts such a situation. 
Motivated by the above considerations, we have solved 
the Schrodinger equation for a potential which 
contains in itself, the possibility of describing most of 
the above mentioned conditions. We have obtained the 
bound s-state energies for various ns state for the 


potential 


e 4+ ¢,¢e 4) 
Vi(r)= i 


..(3) 


These energy values are shown in Table 1. To observe 
the variation in energy due to the superposition of 
modified screened Coulomb potential (2) on Yukawa 
potential (1), the corresponding energy values for the 
Yukawa potential are also mentioned in Table 1. 


2 General Solution 
The radial Schrédinger equation for bound s-states 


of potential (3) will then be 

2 
[art eh gre Myr E |X) =0 .. (4) 
Here the system of units chosen is such that h =m =c 
= 1. Eq. (2) can be converted to the form 
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. Ee a, 
Potential (3) can be easily converted to Hulthen- 
Table 1—Energy Eigenvalues as a Function of the Screening _ potential, i.e. | 
Parameter for Various ns States for Potential (3) with g; = 82 ieee 


= 1 and A=2 ae 


with Vo= > + se S 


1 


E, Es 


A B 
1.9990 - 0.4998 
1.9975 0.4995 
1.9950 0.4990 
1.9900 0.4980 
1.9751 0.4950 
1.9505 0.4899 : : as 
1.9020 0.4799 ; L Fen 4+ 6/2 +.0(6?) 


1.8080 0.4598 | 23% 
We have, therefore, aie energy yeigenval 


g, #9 


1.6596 0.4398 
1.6246 0.4197 
1.5379 0.3996 


ae es ; potenual (3) for different values of 5 are ioe yw 
; 1. In Fig. 1, we have shown the dependence 
(A, our results and B, Yukawa potential) log D, D being the screening length. Maxi 
, D corresponds to minimum value 


ese é. The curve labelled ER 


= =e 
— 2a +; 7b e "+ g,e )o(r)= 


is shown i in Fig, 2 es 
| The 2 en 


Tit ure -{oO)} Bm VV , 7 
; i fate ba gg7 oe y val : kien A 
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Table 3—Quantum Number Shift and Relative Quantum 
Defect for ns States of Potential! (3) as a Function of Reduced 
Screening Parameter 6/64, 
ls 2s 
/d, n n/n n n/n 
0.005 — 0.4996 — 0.4996 — 0.9968 — 0.4984 
0.01 — 0.4952 — 0.4952 — 0.9960 — 0.4980 
0.02 — 0.4925 — 0.4925 —0.9815 — 0.4907 
0.05 — 0.4789 — 0.4789 —0.9572 — 0.4786 
x aaa 0.10 —0.4571  -04571  -0.8978 0.4489 
0.15 — 0.4333 — 0.4333 — 0.8406 — 0.4203 
grt ex : 0.20 — 0.4075 — 0.4075 — 0.7982 — 0.3991 
2—Variati : 5 f potentials (1), (2) and 
Fig. 2—Variation — aula if each acs 0.25 -0.3798 - -03798  -07302 —0.3691 
SEA Bi 82 0.30 —0.3497 -03497 06568 0.3284 
0.35 —0.3174 — 0.3174 — 0.5758 —0.2879 - 
a an 0.40 — 0.2824 — 0.2824 — 0.4870 —0.2435 
--, | Table 2—Dependence of Energy on Coupling Parameter g, 


0.45 — 0.2442 — 0.2442 — 0.3680 — 0.1840 
Sead Strength of Screening A for 1s State for Potential (3) 0.50 —0.2070 —0.2070 —0.2588 —0.1294 


é Energy 


0.01 0.4905 5 
0.01 Ld with 


0.01 1.97 p=0/a, : “= »{17) 
a ore Further, it may be assumed that the bound electron 


0.01 0.495 in the potential (3) behaves as if it is under the influence — a 
: _ of a modified screened Coulomb potential. One may 
thus write aie 


E, ~~ Secs 
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corresponding decrease in Is state for potentials (1)and 
(2) taken separately. 

6. The most revealing feature of this is that the 
quantum defect is independent of the principal 
quantum number, a feature which Is also reported*° for 
alkali atoms and alkali-like ions. 
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The gamma ray spectrum of 23.9h '*’W in the low energy region 0-150 keV has been measured using a high resolution low 
energy intrinsic Ge detector. The controversial 7.1 keV transition has been confirmed. Also a new transition of energy 125.85 
keV has been detected. Gamma-gamma directional correlations are measured for the 72-134 and 552-134 keV cascades. The 
multipole characters for 72, 134 and 552 keV have been assigned as El + {2.7(7)% M2, M1 +(2.9+0.3)% }E2 and E1 +(4.75 


+ 0.75) % M2 respectively. 


1 Introduction 
Level structure of '*’Re has been studied in the past 
by several investigators’ ° employing different 
nuclear techniques. Brenner and Meyer? established a 
typical decay scheme for the energy levels lower than 
900 keV by investigating gamma rays from the decay of 
'87W_ They reported many new lines and levels for the 
first time. The 16.61, 40.92, 93.22, 100.14, 123.79, 138.50 
7 keV transitions in the energy region 0-150 keV were 
not placed by them in the '®’Re level scheme and 


: assignment to '*’W decay was considered tentative. 
Recently Yamada et al.© measured the gamma ray 
spectrum of 23.9h '®’W using Ge(Li) detector and 
i. quoted seven new lines in the energy region 140-1000 


! keV. They did not find any new line in the low energy 
region. Very recently Sooch et al.’ reported on gamma 
ray energy, intensity and directional correlation 
measurements in the region 72-880 keV only. The low 
energy region of the '*’Re spectrum has been checked 
> by us with a small-size high-resolution Ge detector 
with a view to resolving some discrepancies reported in 
earlier studies. The nature of 72, 134 and 552 keV 
transitions is still doubtful. From conversion 
coefficient and directional correlation measurements, 
Gallagher et al.'! showed for 134 keV transition 0,34 
=0.17(5). From nuclear orientation measurements, 
Krane and Steyert® found 5,34 = 0.160(6). From the 
measurements of the conversion coefficients and the 
_ gamma-gamma angular correlations, Yamada et al. 
- quoted 61434 = 0.18403). These results provide A,(134) 
0, giving A2{72(134)} and A,,(552-134) keV¥0. 
ut experimentally, this trend has been supported by 
i and Demesters” only, whereas the results of 
is!°, Nigam and Bhattacharya’! and Gupta et 
show non-zero values for these cascades. To 
ve these ambiguities, the angular correlation 
ts for 72-134 and 552-134 keV cascades 
the point of view of any 


— 
bs 


4 


i 
<a 


penetration effects using the previous results of 
conversion electron measurements. 


2 Experimental Procedure 

The sample of radioactive isotope of '*’W was 
procured from the Bhabha Atomic Research Centre, 
Bombay, in the form of an aqueous solution. For 
energy and intensity measurements, the source used 
was in the solid form (point source on a perspex strip) 
while for directional correlation measurements, the 
source used was in the liquid form contained in 2 mm 
x 4 mm perspex cylinders. 

For gamma-ray singles measurements, an intrinsic 
Ge detector (active area 200 mm? and sensitive depth 7 
mm) having energy resolution of 535 eV at 122 keV 
gamma ray of >’Co was used. 


For gamma-gamma_ directional correlation 


' measurements, two 2” x 2” Nal(T1) crystals covered 


with graded shields of Al, Cu and Pb and a ND60 
multichannel analyser were used. A resolving time of 
about 30 ns employing the conventional slow-fast 
assembly was used. The coincidence counts were 
recorded at 90°, 135° and 180°. The correlation 
coefficients were corrected for the finite geometry of 
crystals using correction factors calculated by Yates!?. 


3 Gamma-ray Singles Measurements 

The gamma-ray singles spectra were recorded with 
an intrinsic Ge detector for the 0-150 keV energy 
region. The experiment was repeated thrice by 
recording spectra for different times and the intensities 
of the new lines were found to follow the half-life of 
23.9h '87W in comparison with well known 72 and 134 
keV gamma rays of this decay. A typical spectrum is 
shown in Fig. 1, and the resulting energies and 
intensities are listed in Table 1. 

The lines at energies 40.92, 93.22, 100.14, 123.79 and 
138.5 keV reported by Brenner and Meyer* were 
observed in all three independent runs. Out of these, 
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Fig. 1—Single gamma ray spectrum of '*’W observed with a 200 mm? x 7 mm intrinsic Ge detector 


Table 1—Energies (in keV) and Relative Intensities of Gamma Transitions Associated with the Decay of '®’W 


Present Brenner Present Brenner Brabec 
study & Meyer® study & Meyer® et al.'® 
7.1(3) — 0.043(21) a —_ 
16.28(2) 16.61(2) 0.073(8) 0.069(9) — 

29.23(4) 29.23(3) 0.070(11) 0.042(9) _ 

36.38(3) 36.38 0.202(12) 0.246 — 

40.51 (6) 40.92(5) 0.025(8) 0.019(9) — 

43.66(7) 43.66(6) 0.024(8) 0.01919) — 

72.46(1) 72.46(1) 124.88(162) 125.96(78) 130.56(13) 

77.37(5) 77.37(5) 0.077(18) 0.079(19) 0.072(23) 

93.22(4) 93.22(5) 0.050(8) 0.069(9) _— 

100.61 (2) 100.14(2) 0.098 (12) 0.101(14) — 
106.59(2) 106.59(1) 0.296(7) 0.288(7) 0.461(70) 
113.75(2) 113.75(2) 0.866(15) 0.869(20) 0.78(11) 

123.55(10) 123.79(11) 0.028 (6) 0.029(9) — 

125.85(7) — 0.022(7) — ae 

134.22(1) 134.22(1) 100 100 100 

138.50(7) 138.50(6) 0.052(16) 0.049(19) — 


only 40.92 keV satisfying the Ritzs combination 
principle has been placed in decay scheme of !8 ’W. The 
7.1 keV transition reported by Widemann and 
Sebille'* and confirmed by Herman et al! using a 
coincidence technique has been seen in the present 
singles measurements for the first time. A new line of 
energy 125.85 keV has been seen which can be 
satisfactorily placed between 772.88 and 647.30 keV 
levels (Fig. 2). A preliminary report on this assignment 
was reported at the Silver Jubilee Physics Symposium, 
Bombay, by Raj Mittal er ai.'6 


4 Gamma-Gamma Directional Correlation 
Measurements 
The 72-134 keV cascade—Because of poor energy 
resolution of Nal(TI) detectors, the 72 keV gamma ray 
Was not resolved from the intense Re K X-rays. As 
reported by Michaelis'®, these K X-rays are in 
coincidence with the 134 keV gamma ray and 
contribute an isotropic component with interest 
results. To get rid of this interference, 61 keV 
Peak was suppressed relative to 72 keV using Gd 
absorber, in the form of a foil of thickness 0.028 cm (as 
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wa Fig. 4—Suppression of 60 keV gamma ray of 241 Am with require. 
: thickness of Gd absorber 
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CHANNEL NUMBER 


its K absorption edge is at 58 keV). The singles spectra 
of '87W and 24!Am (60 keV) with and without Gd 
ig. 3—Use of K-absorption edge of Gd to suppress the 61 keV 8 a. her are shown in Figs 3 and 4 respectively. It is 


in 72-134 keV correlation 
alarieinbute clear (Fig. 3) that portion CD of curve b is free from 61 
109 


‘EF 983 
INDIAN J PURE & APPL PHYS, VOL 21, FEBRUARY |! 


keV energy contribution and is enriched with that of 72 
keV. . 

The weighted average of calculated correlation 
coefficients corrected for solid angle corrections are: 
A,,= —0.066+0.011; Ag, = 90.030 + 0.023 


These results agree with those obtained by 
Michaelis!® and Nigam and Bhattacharya"’, but are 
slightly higher than those of Gupta et al.'* and entirely 
differ from those of Keszthelyi and Demesters ie 

The present results are more accurate as justified 
from the following explanation. The results were 
obtained by selecting counts under the composite peak 
in three different ways and the values of correlation 
coefficients are as follows. 

(i) full peak (containing full contributions of both 61 
and 72 keV): 

A,,= — 0.022 + 0.005; A,,= — 0.018 + 0.008 


(ii) Half of the composite peak on the higher energy 
side (containing half contribution of 72 keV and less 
than half that of 61 keV): 


Ay, = —0.030+0.007; 44, = —0.011 +0.012 


(iii) Quarter of composite peak on the higher energy 
side (containing only contribution of 72 keV): 


Az, = —0.050+0.015; Ay, = — 0.016 + 0.024 


This shows that the isotropic contribution of 61 keV 
Re K X-rays lowers the values of correlation 
coefficients. It seems that in their measurements, Gupta 
et al.'* and Keszthelyi and Demesters? might not have 
taken complete care of the contribution of Re K X- 
rays. 

The character of 134 keV transition was re- 
investigated from sub-shells ratio analysis (Fig. 5). This 
analysis yields 
A=043.5 and 6,34 = +0.172 + 0.007 
Further 6,34 = —0.172 +0.007 gives 
A, (134) =0 + 0.013 while 
9134 =0.172 + 0,007 gives 
A, (134) = 0.631 + 0.014 


On the basis of present experimental results, only 6,34 
= — 0.172 + 0.007 was entertained and used to assign 
the multipole characters to the 552 and 72 keV 
transitions. 

The 552-134 keV cascade—This cascade is 
practically free from interfering effects. The correlation 
coefficients after applying solid angles corrections are: 


Azz = ~ 0.058 + 0.019; A,, = — 0.023 +.0.039 

Using the present A,, 552-134 key correlation 
coefficients, A,(552) was obtained to be —0.092 
+ 0.032. The mixing ratio analysis!” yields two values 
of Q, the quadrupole content in the 552 keV transition, 
Qss,=1 and 0.004< Q55,5 0.055 


50 


Ly 
7 
-~40 a 


Fig. 5—L-subshell ratio analysis for penetration effects in the 134.22 
keV transition 


The higher value of Q;;3 = 1 is rejected on the basis 
of conversion coefficients and nuclear orientation 
measurements. Thus 552 keV transition is assigned as 
El + (4.75 +0.75)% M2 and is slightly higher than 
listed by Ellis*. 

The analysis of A, (72-134) keV cascade for = 
— 0.172(7) yields A,(72)= — 0.105 (32). Taking into 
consideration these results, the mixing ratio analysis 
gives two values of Q, the quadrupole content in 72 keV 
transition 


0.02< Q,,<0.035; 0.92<Q,,<0.95 


The higher value of Q is rejcted on the basis of 
internal conversion measurements of Gallagher et al." 
Therefore, the mixing ratio of the 72 keV transition is 
predominantly El with 2.7(7)% M2. 
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The infrared and Raman spectra of phosphotungstic acid have been recorded. The factor group analysis has been carried 
out using the site group approach for the phosphotungstate ion, PW, 20326 of T, syne: Based on group vibrations and 
factor group analysis a vibrational assignment has been proposed for the PW, O40 ion. 


1 Introduction . 

Heteropoly compounds have been of interest since 
the description of ammonium phosphomolybdate by 
Berzelius'. The heteropoly compounds are formed 
when one atom of elements such as P, Si, As, B, Al, etc., 
is combined with a number of atoms of W or Mo, 
together with a relatively large number of oxygen 
atoms. They are widely used in analytical chemistry? > 
and as solid electrolytes for fuel cells*. Heteropoly 
acids are classified according to the ratio of the number 
of the two types of cations present. 12-Heteropoly 
acids, H, (X W,,O40)"" where X is the heteroatom. 
exist in two forms « and f. The stable x-form has the 
Keggin structure®. 12-Phosphotungstic acid, 
H3PW;,040.nH,O crystallizes in four crystal 
systems, viz. triclinic (n=14), trigonal (n= 24), 
rhombohedral (n = 21) and cubic (n = 6, 29) depending 
on the number of water molecules present in them®. 
The infrared spectra of heteropolymolybdates and 
tungstates’~'* and the Raman spectra of heteropoly- 
molybdates'*~'* have already been reported. A 
comparative investigation of heptamolybdate, moly- 
bdophosphates and molybdoarsenates'® and a study 
of heteropolymolybdate Species in aqueous solutions! 7 
have also been reported. The force field analysis of 12- 
molybdophosphate ion has been worked out by 
Lyhamn et al.'® In the present investigation, the 
infrared and Raman spectra of phosphotungstic acid 
have been recorded and a vibrational assignment 
Proposed for the PW,,035 ion. 


2 Experimental Details 

Commercially available Phosphotungstic acid (Veb 
product) was used for the investigation. The infrared 
spectrum was recorded in a Perkin Elmer 599 
spectrophotometer using KBr pellet. A Spex Ramalog 
1401 spectrophotometer equipped with a Spectra- 
Physics model 165 argon ion laser was used to obtain 
the Raman spectrum (Fig. 1) of the powdered samples 
placed in a capillary tube. The spectra were obtained in 
the Stokes region of the blue line 4880 A. Plasma lines 
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of the laser were used for calibration of the instrument. 
Spectral slit widths of 300-100 were employed for 
different regions of the spectrum. 


3 Factor Group Analysis 

The complete acidic anion PW,,035 has an overall 
tetrahedral symmetry, 74. It consists of a central regular 
PO, tetrahedron surrounded by 12 deformed tungsten 
oxygen octahedra as a shell, linked together by shared 
oxygen atoms (Fig. 2). The ion can be alternatively 
thought of as consisting of a central atom P with four 
ligands of W3;0,; units, which are interconnected by 
sharing oxygen atoms to form P(W3Oy,0)4. Each 
W 0,3 unit (Fig. 3) of C;,.symmetry is formed by three 
oxygen-sharing WO, deformed octahedra. There are 
six sets -P. -W.. O,. 0,0), OF symmetrically 
equivalent atoms with their site positions at T,, C,, a. 
C;, C,, C, respectively°. The factor group analysis can 
be done either by correlating the site symmetry of 
W;0,; and PO, units to the factor group or by 
correlating the site group of each atom individually to 
the factor group. Both will give the same total number 
of modes for each symmetry species. The normal 
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Fig. 2—Structure of the Keggin anion, PW,,035 (from Ref. 23) 
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modes of PW,,O36 ion can be classified under four 
headings, viz. framework vibrations, ligand vibrations, 
framework-ligand couplings and interligand vib- 
rations’®. These classified. normal modes are shown in 
Table | and the correlation table of the site groups to 
the factor group is shown in Table 2. 


4 Assignments and Discussion 

Out of the 64 (94, +4A,+13E+16F, + 22F,) 
normal modes predicted for the phosphotungstate ion, 
44 (9A, + 13E + 22F,) are active in Raman and 22 
(22F,) in IR. As the anion is complex, random 
degeneracies are expected and hence it may not be 
possible to observe all the predicted vibrations. Based 
on normal coordinate analysis, Lyhamn er al.'* have 
calculated the frequencies for the corresponding 
molybdate ion. The frequencies for the phosphotung- 
state ion are expected to be higher by 10 to 15 
wavenumbers!”. | 

In the phosphotungstate ion, different groups of 


_ atoms can be isolated, the vibrations of which depend 


Table 2—Factor. Group Analysis of PW, 2040 Ton 
\ “¢ Us = Symmetry) | 
Correlation of the P atom with” 
: q site symmetry 7), : 
ES “f Site Correlation ; Spat ee 
ST a ee eee oe i} 
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Table 3—Vibrational Assignments of PW ,2,O0%0 Ion _ 
IR freq. (em~') Raman freq. (cm ') Symmetry Assignments E % 
Present From Present Cale. 7 
study Ref. 13 study values : 
from ‘ | 
Ref. 18 4 
1117 1107 F, P—O, asymm. stret. F 
1080 ss 1080 1075 F, PO: z : 
1009 A, w—O, symm. stret. 
990 sh aes , 
979 sh 985 985 980 A, P—O symm. stret. _ 
& & as 
F, w—O, asymm. stret. i e 
934 F; w—O,—W a 
941 or a 
E symm. stret. oa 
928 Ww—O,—W | 6 
903 ide = 

885 m 887 890 $65 -5.F W—O,—W & ‘ Z 

asymm. stret. . ye 

810 s 807 814 799 F, Ww—O.—W : ; ; ; - ag ec 
690 688 A, wo svineaes on 
635 2 z fb HO? ae aa ae 

590° <w, 598 582 2 do. 0 Se = 


br 572 G92 2 ae 
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band at 1009 cm™! has been assigned to the symmetric 
pulsation vibration (A, type) of all the 12W O, 
bonds. This is supported by the absence of bands 
~ 1000 cm ~' in the infrared. The fairly strong band at 
985 cm™' has been assigned to the asymmetric 
vibration of Symmetry F,, since there is a 
corresponding band in the infrared at 799 cm7~!. 
However, the normal coordinate analysis of Lyhamn er 
al.‘ ascribes this band to the symmetric P—O 
stretching. Hence, it seems reasonable to assume that 
the A, vibration of the PO, tetrahedra coincides with 
the asymmetric vibration of the W—O, bonds. 
Further, the A, vibration of a free PO3~ ion is 936 
em‘ (Ref. 21)and there is no other observed frequency 
above 936 cm ' except the one at 985 cm~!. The 
strong broad band centred at 1080 cm™! in infrared is 
due to the asymmetric stretching vibration (F,) of the 
PO, tetrahedra, and in Raman they are at 1075 and 
1117cm _'. The bands in Raman are very weak which 
is usually the case?*. The bands at 928 and 934 cm7! 
may be due to either the vibrations of linear and 
angular W—O—W bridges (F, or E type) or the 
vibrations of the W—O, bonds. The two bands at 890 
and 814cm * with the former having a shoulder at 903 
cm‘ have been assigned to the asymmetric stretching 
vibrations of the linear and angular W—O—W 
bonds. The intensities of these bands are not equal, 
although the number of bonds responsible for these 
vibrations is the same. The broad band at 690 cm7! 
has been assigned to the symmetric stretching of the 
W—O, bonds. The low value of this vibration is 
Suggestive of a bending vibration interacting with this 
stretching vibration. 


4.2 Bending Vibrations 


The strong band at 520 cm “' and the medium band 
at 471 cm ' with splittings have been assigned 
respectively to the asymmetric (F) and symmetric (E) 
deformations of the PO, tetrahedra. The assignment of 
the F, vibration is supported by the presence of a 
strong broad absorption centred at 518 cm‘ in 
infrared. The fairly high intensity and its splittings 
indicate that there is some mixing up of this vibration 
with the vibrations of W—-O—W bonds. A free POZ~ 
ion has it v4, deformation ~ 570cm “! (Ref. 21). In the 
PW, 2030 ion, each oxygen of the PO, tetrahedra is 
covalently bonded to W3O;o units resulting in the 


lowering of the PO, deformation by ~50 cm“ and 
enhancing the PO, Stretching frequencies by ~ 45 
cm “. The vibrations below 450 cm™~! are due to the 


mixed deformations of the linear and angular metal!- 


oxygen-metal bridges. The assignments of these lines 
are shown in Table 3. 
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The crystallization of amorphous mercury selenide (a-HgSe) films 
has been studied as a function of annealing temperature (343 K < IT 
< 365K). The crystallization process was found to be gradual, which 
took place at any finite temperature and was thermally activated 
with an activation energy of 0.963 eV. The characteristic time 
associated with the microscopic reaction between the neighbouring 
atoms was 1.273 x 10° '°s. 


It is well known that amorphous materials undergo 
irreversible transformation to crystalline state when 
heated to a relatively high temperature. Crystallization 
of amorphous materials has been studied by a number 
of workers! ’. They have observed that large thermal 
energy was required to initiate a very quick 
crystallization process in which an amorphous 
material would switch over to a polycrystalline state. 
Loma et al.* have reported that HgSe films, when 
deposited on unheated cleaved mica substrate, showed 
no trace of crystallinity when examined using the 
reflection electron diffraction technique. The study of 
crystallization process is essential to the experimental 
physicists wishing to anneal and also to determine the 
maximum time allowed for a measurement at a 
particular temperature on the films of amorphous 
materials, while preserving most of the amorphous 
characters. We report in this note our study on the 
crystallization of HgSe films of thicknesses of ~ 4080 
A. 

a-HgSe films were prepared by vacuum evaporation 
of the compound (99.999. Koch Light, England) on 
to glass substrates held at —2 to —5 C.. The 
predeposition pressure was of ~ 10~5 torr, while 
during deposition the pressure remained at 4x 10-3 
torr. The source-to-substrate distance was 15 cm. 

Samples of size 0.5 x 1 cm? were obtained either by 
cutting a single large area (2.5 x 7 cm2) of the film or by 
using masks of Proper dimensions on smaller glass 
slides. Electrical contacts were established using 
conducting silver paint in a planar configuration. The 
contact was found to be ohmic up to an applied field 
10° V/cm. Evaporated indium contacts were also 
found to be ohmic. The films studied were red in colour, 
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temperature. 
calibrated with 
thermocouple, fixed on the cradle without the sample, 


electrically continuous and dry air-annealed at a 


temperature of ~ 300 K. 7 
For crystallization, the sample was placed in 
position on a cradle inside a vacuum jacket which was 


evacuated (~ 10~? torr). The jacket was then inserted 


into a furnace which was preheated to a specific 
The furnace temperature was pre- 
the help of a chromel-alumel 


to a temperature of + 0.5°C of annealing temperature. 


This was tested for about 2 hr for every sample at 


different constant temperatures. 
The sample current was noted by measuring the 
potential drop across a standard resistance using an 


electronic meter (Philips PK 2505). The voltage across 


the film was measured using an electrometer amplifier 


(ECIL EA813). The temperature and sample current 


for a fixed voltage were then noted with time. The zero 
of the time was taken when the film attained the pre- 
determined temperature. 

The optical transmission of the film was measured 
using a spectrophotometer (Systronics type 105). The 
transmission micrographs and diffraction patterns 
were taken with the help of an electron microscope 


Fig. | —{a) Electron micrograph of a-HgSe film; (b) electron 
diffraction pattern showing haloes and (c) electron diffraction 
Pattern showing weak rings 


NOTES 


(Philips EM200). The film thickness was measured 
using the multiple-beam interference method. 

The resistivity of the film, within the thickness range 
of 1000-3500 A, was found to be very high and the 


current measurement was not possible because of 


noise. Electron diffraction patterns and micrographs 
for the films of 3880-4300 A thickness, showed the 
presence of both the amorphous and microcrystalline 
regions as evident from the haloes and weak rings as 
seen from Figs 1(b) and (c). We have studied these films 


6 


Sample current (4A) 
Ww 


0 50 100 150 190 
Time (min) 
Fig. 2 Log (sample current) versus time for a fixed annealing 
temperature of 350K 


Fig. 3 —(a) Electron micrograph and (b) corresponding diffraction 
pattern for a crystallized HgSe film 


assuming the presence of microcrystallites embedded in 


an amorphous matrix aS One { the three types re) 
disorders which may be found in any 


amorphous 
material” 


Fig. 2 shows the film current against time at a 
constant annealing temperature of 350 K. It is seen that 
at the beginning the current increases exponentially 
and then remains constant for a short interval of time 
and then increases linearly with time reaching a final 
constant value. The annealed films, when examined 
under optical microscope, were found to develop 
microcracks and at the same time the colour of the film 
changed from red to dark red. The transmittance was 
also found to reduce from 63-70% to 20-23° when 
measured at the maximum transmittance wavelength 
960 nm. The time at which the current increases 
suddenly was taken as the crystallization time (t,). The 
value of t. was found to decrease with the increase of 
annealing temperature. It was interesting to note that 
when the films were heated at 97 C, the rate of change 
of current at constant voltage was very fast and f, was 
8-12 min. 

Fig. 3 shows a micrograph and the corresponding 
diffraction pattern for a film annealed above t,. The 


Fig. 4—(a) Electron micrograph and (b) electron diffraction pattern 
for a film deposited on glass at 97°C 
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log (te in min) 


2-75 2:8 2:85 2:9 
1000 (K7)) 


T 
Fig. 5 —Log t, versus 1000/7 for a-HgSe films 


diffraction pattern showed sharp rings indicating 
polycrystalline nature of the film. It has already been 
mentioned that at an annealing temperature of 97°C, 
the process of crystallization was very fast. We have 
deposited HgSe on glass slides at 97°C, and the 
micrographs and diffraction patterns revealed the 
monocrystalline nature of the deposit. Fig. 4 shows the 
micrograph (a) and corresponding diffraction pattern 
(b) for a film deposited on glass substrate at 97°C. 
Hence it can be concluded that the observed behaviour 
was due to polymorphic transformation excluding 
nucleation! 

The activation energy Eo, between the metastable 
amorphous and stable crystalline state, the characteris- 
tic time t associated with the microscopic reaction 
between the neighbouring atoms and annealing 
temperature 7 are related to the crystallization time f 
by? 

f. = Texp (Eo/kT) Seth 
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Thus a plot of log t, versus 1/T would yield a straight 
line (Fig. 5). The straight line (Fig. 5) has been drawn, 
following the regression method. The value of Ey was 
determined by equating the slope to Eo/k, and was 
found to be 0.963 eV. The value of t was calculated 
using this value of Eo in Eq. (1) and was found to be 
1.273 x 10~!° s. The crystallization time f, at room 
temperature (26 C) was calculated to be 27.2 days. 

The authors are thankful to Dr O N Srivastava, 
Department of Physics, Banaras Hindu University for 
providing electron microscopy facilities. One of the 
authors (K NS) is thankful to the University Grants 
Commission, New Delhi, for the award of a teacher 
research fellowship. 
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Argon-krypton binary liquid mixture has been simulated as a 
hypothetical hard-sphere fluid, for its viscosity through conformal 
solution theory. The agreement between the experimental data and 
calculated values using Enskog theory is found to be excellent. 


Hard sphere approach has proved to be highly 
successful in interpreting the equilibrium and transport 
properties of simple dense liquids’. This approach has 
not been intensively used in the study of the properties 
of binary liquid mixtures, in particular the transport 
properties. Jhunjhunwala et al.” have studied the shear 
viscosity of argon-krypton liquid mixture in the hard- 
sphere model. The purpose of this study was to judge 
the appropriateness, in representing the observed 
viscosity of a simple liquid mixture as the viscosity of a 
hypothetical hard-sphre fluid mixture. The agreement 
of the values of viscosity calculated through the Thorne 
extension of Enskog theory, with the observed values is 
highly encouraging. Protopapas and Parlee* have 
studied the shear viscosity of the binary liquid alloys in 
the hard-sphere approximation. The comparison 
between the experimental and calculated set of values, 
studied by these authors, is satisfying. On the basis of 
the success of hard-sphere model for simple liquids and 
the above mentioned studies, it is reasonable to expect 
that single hard-sphere approach may also be 
appropriate for the binary liquid mixtures. 

An attempt has been made to simulate a simpie 
liquid mixture as a hypothetical one-component hard- 
sphere fluid. against the two-component hard-sphere 
fluid mixture as suggested by Jhunjhunwala et al.’, for 
its shear viscosity behaviour. The objective of this 
study is to gather information about the appro- 
priateness of using the single hard sphere model for the 
binary liquid mixtures. Further, it is intended to find 
the relative applicability of the single hard-sphere 
model over the binary hard-sphere model, for binary 

liquid mixtures. Ready availability of the experimental 
‘ data for the shear viscosity* * and highly simple liquids 
which constitute the. mixture have been the criteria, 
leading to the choice of argon-krypton mixture in this 
work. ; ares 

Since it is intended to simulate the binary liquid 
~ mixture as a one-component hard-sphere fluid, the 


a 7 


Shear viscosity of the hard sphere can be obtained 
through the use of Enskog theory. The shear viscosity 
y, of a hard sphere fluid having effective hard-sphere 
diameter o, mass m, number density n at a temperature 
T, is given as, 


n =(5/16.07)(mkT/n)! *[g(o)"1+0.8bp 

+ 0.7614 b? p? g(a)], mr | 
with 
bp =(2/3)nno? eA?) 


The contact radial distribution funciton g(o) through 
P-Y theory can be written as 

g(o) = [1 + (amno*/12)]/[1 — (ano? /6)]? Fem 
In order to use Eq. (1) for the calculation of shear 
viscosity of argon-krypton mixture, the values of o, m 
and n. which are functions of composition of the 
mixture, must be known over the whole composition of 
the mixture. The values of n are obtainable from the 
available molar volumes of the mixture. For obtaining 
the values of o and m, at different compositions, the use 
of conformal solution theory is made. 

It has been established® that the pair potentials for 
argon and krypton liquids can be represented by 6, 12 
Lennard-Jones potential. The potential parameters for 
pure species are taken as the ones used by 
Jhunjhunwala et al.? The dissimilar pair potential. 
parameters are obtainable through the use of Lorentz- 
Berthelot rules. The diameters for the hypothetical 
hard-spheres for argon and krypton are obtained by 
fitting the experimental values of shear viscosities for 
pure liquids to Eqs (1) to (3). The ratios of the effective 
hard-sphere diameter to the Lennard-Jones diameter, 
B, are 1.0256 and 1.1119, respectively, for argon and 
krypton. 

The essential requirement for the application of 
conformal solution theory, namely that the pair 
interactions in the mixture are of the same functional 
form, is satisfied for the present mixture. The conformal 
solution theory for the transport properties’ of liquid 
mixture has proposed various mixing rules. The mixing 
rule pertinent to the potential contributions for the 
shear viscosity, which is dominating at liquid densities, 
is used for obtaining the Lennard-Jones diameter and 
mass for the hypothetical Lennard-Jones fluid. The 


mixing rule is 

ie =z XaXp 3, 

b,02 = XXX pbop Fas ++(4) 
Ox Oe pt? = EX,Xpl ap Oop Map 
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Table 1—Shear Viscosities of Ar-Kr Mixtures at 100K 
Mole Shear viscosities (in mP) 
fraction of —— nl 
argon Exptl. Present study Jhunjhunwala 
(Calc.) et al.” 
(Calc.) 
0.0 6.9 6.9 6.9 
0.2 = 5.178 5.361 
0.411 3.917 3.878 4.049 
0.6 3.022 3.019 3.144 
0.8 2.274 2353) 2.401 
1.0 1.81 1.81 1.81 


where x specifies the composition of the mixture and / 
is the reduced mass. Now the effective hard-sphere 
diameter for the hard-sphere is obtained through a 
relation for . It is suggested that 8 can be written as, 


i a R525) 
_ The shear viscosity of argon-krypton mixture at 100K 


is calculated over the whole range of composition using 


Piss Eqs (1) to (3) in conjunction with Eqs (4) and (5). In 
ay, Table 1 the presently calculated values along with the 


ee 


experimental values for the mixture are tabulate 
calculated values due to Jhunjhunwala et al.” 2 
given in Table 1, which reveals that the preser 
calculated values are in excellent agreement with t 
observed values. Further, significantly these calcula 
values are in closer agreement with the experimen 
values than the calculated values of Jhunjhunwala 
al.2 Therefore, it can be reasonably concluded that t h 
sigle-component hard-sphere approach may 
appropriate for the transport properties of the bin 
liquid mixtures. r 
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The most probable force fields of the non-linear XY ,-type 
molecules like SO,, CIO, and CF, have been fixed by a parametric 
method. The centrifugal distortion constants are used as additional 
data to fix the potential constants unambiguously. 


The determination of an unambiguous set of 
potential constants from vibrational spectral data 
alone is not possible because the number of potential 
constants exceeds the number of fundamental 
frequencies. Therefore, one is forced to turn to other 
sources for the determination of a unique set of 
potential constants. The centrifugal distortion 
constants form a very important set of molecular data 
as they are essential for an accurate knowledge of the 
rotational energy levels of the molecules. If the 
experimental values of the centrifugal distortion 
constants are available accurately, the values can serve 
well as additional data to fix the harmonic force field in 
the molecules. A parametric approach is presented, in 
this note, to the analysis of the centrifugal distortion 
constants to fix the unique force field of some of the 
XY, bent-type molecules, namely SO,, CIO, and CF. 


_ Theory—The general theory of centrifugal distor- 
tion in the rotational spectra of asymmetric rotor 
molecules has been formulated by various authors’. 


The distortion constants are defined as: 
Tapys = — (2 cal 5p! 5155) : dd ip tasNij 
antag 


where I¢,, If, and I£,[%, B, 7, 6 =x, y (or) z] are the 
principal moments of inertia at equilibrium and J, 
represent partial derivatives at equilibrium of the 
instantaneous inertia tensor components with respect 
to the symmetric co-ordinates. Here, Nj; is the 
appropriate element of the compliance matrix*. The 
partial derivatives appearing in Eq. (1) may be 
evaluated following the general method proposed by 
__ Kivelson and Wilson*. Kivelson and Wilson's theory 
~ of centrifugal distortion has been reformulated by 
veral authors®~!!. The formulation suggested by 
-11 extensively employing matrix notation, Is 


WG 5 
q =< 


found to be the most convenient one for the calculation 
of centrifugal distortion constants. 
A new quantity tap 9 1S defined as 


ae pt ee e © ‘ 
lapyd =" 2M ya! ppl sy! Ss Tapys 


Thaw iasNi, Az 
i,j 


Eq. (2) may be written, in matrix notation as 
t=J NJ. 
Substituting 

ae ah | 
J ap.s ir G nae 
bt ONG LT. (4) 
The elements of the matrix 7, can be calculated for a 
given molecular model from the equilibrium position 
vector of atoms and Wilson’s S vectors!*. G~! is the 


kinetic energy matrix of Wilson'?. 
Writing ¢ in L-matrix notation 


f= EON OE PT: ..(5) 
In the parametric method, the L-matrix is written as 


. .(3) 


L=L,A ..(6) 
where A is an orthogonal matrix. 
Thus 

(=a 0d AN a de ..(7) 


By varying the values of the parameters in A-matrix, 
it is possible to find all the t values that fit the observed 
frequencies. Then, using the expression 


F=L5'AAAL,g' ...(8) 
the force field corresponding to each of the A matrix 
can be obtained. 

Results and discussion—This procedure has been 
applied to three molecules, namely SO,, CF, and ClO, 
in the present investigation. The A matrix used here is 


of the form 
0 
0 
0 


1 a 
J/lit+a /1+a? 
a 
Expansion of Eq. (7) gives Uxxxx9 Cyyyys lsezes Exxyys Uxxzzs 


L, 
Sita Si +a? 
0 0 
tyyzz and t,.y,, But Kivelson and Wilson have already 


shown! that the f,,,5, tyyxx and t,,.. are dependent 
quantities for the molecule under consideration. Hence 
it is sufficient to Map fyxxx, eez2 ANd fyx22 With A. 

A horizontal line is drawn on the Y-axis (T,,3-aXis) 
corresponding to the experimental values of Taos The 
intersection point of the line with the curves mentioned 
earlier gives the value of A. Hence we obtain three 


A= 
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investigation are given in Table 1. Table 2 


Table 1—Values of t,,5 Elements and Parameter A the evaluated force constants in the 


Molecule Tzg,s element and A 
its value (MHz) 


SO, T2z- 9.809 (Ref. 13) 0.006 
clo, xxxx 8-529 (Ref. 14) 0.012 References 


CF, Txxxx 11.2778(Ref. 15) 0.02 


literature. 


1 
2 Wilson E B(Jr) & Howard J B,J Chem Phys (USA), 4 
Table 2—F;; Elements (10° dyne/cm) 3 Nielson H H, Rex Mod Phys (USA), 23 (1951) 90. — 
SO, clo, CF, 4 Decius J C, J Chem Phys (USA), 38 (1963) 241. = 
Se a & Wilson E B(Jr).J Chem Phys (USA), 20(19 
Fi, PW EW PW EW PW. EW : wes mee 28 peacapees ct. s 
(Ref. 16) (Ref. 17) (Ref. 15) 
F,,(A,) 10.2441 10.0793 7.2274 7.1590 8.7481 7.796 
F,2(A,) 0.8305 0.8086 0.6895 0.6885 1.1176 1.373 Cyvin SJ & Hagen G. Chem Pies se Lar etes 
 Fy2(A,) 0.4330 0.2513 0.2644 — 1.1250 0.7713 Cyvin SJ, Cyuin BN & Hagen G, Z Nanos r 


Pw, present work; EW, earlier work 


24 (1969) 139. 
_ values for A, each See cenidine (ot = ane Sorensen G O, Hagen G & Cyvin 1d 
f Texze: The best suitable value for A i is the one which is 


af 1970) 489. 


+399. 
he best A ‘aluki is tes iids = re 5 Kirchoff W H, Lide DR 
The best A value is corresponding HOM (USA), 47 a 
The best A value is corresponding tO Ty... aes K 
imentally observed values of the lags 7 Venkateswarly 


the A values obtained in the ee 


Wilson E B(Jr), J Chem Phys (USA), 4 (1936) 526: 5 193 
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Dielectric constant, density and refractive index of 2,4-: 2.6- and 
3,4-dichlorotoluenes have been determined at 35°C using benzene as 
a non-polar solvent. These data have been utilized for evaluating 
their respective dipole moments using Palit’s method. The dipole 
moment has been found to be 1.78, 0.65 and 2.29 D respectively for 
2,4-; 2,6- and 3,4-dichlorotoluenes. 


Different methods'~* are being employed for the 
determination of the dipole moment of a polar solute 
molecule in a non-polar solvent. It has been observed 
that these methods incorporate some simplifying 
assumptions and can be derived from the simple Debye 
equation”’'°. The method suggested by Palit!! is, 
however, free from any assumption. Further, 
Guggenheim’s method® and Higasi’s method‘ can also 
be derived’? from Palit’s method. Hence, Palit’s 
method proves to be the most general procedure for the 
determination of the dipole moment of a polar solute 
molecule in a non-polar solvent''*'*. Dipole moments 
of dichlorotoluenes in benzene solution were evaluated 
by the authors using Higasi’s Guggenheim’s and Palit’s 
methods and the results are reported in this note. 

Samples of dichlorotoluenes (purum grade) were 
procured from M/s Fluka A G, Switzerland and AR 
grade benzene from M/s BDH, India. These chemicals 
were further fractionally distilled just before use. The 
experimental procedures are essentially the same as 
described elsewhere'*:!*. Dielectric constant (€p), 
density (d) and refractive index (np) of different dilute 
solutions of 2,4-; 2,6- and 3,4-dichlorotoluenes were 
measured at 35°C using benzene as a non-polar 
solvent. 

According to Palit’! the dipole moment (1) of a 
polar solute molecule in a non-polar solvent can be 
evaluated with the help of the equation: 


| 3M (Eo: — Nb) Bow ow) 3M 2%ow . 
Pas ~ dy (eo. + 2)(n5; + 2) eee dj; (Eo; + 2) 


= SM gMp1 Yow | (A) 
d, (np, +2)°. 


where P,, is the orientation polarization of the solute 
molecule expressed as: 


N 2 
Puy= Oe “eh2) 


In Eq. (1), M is the molecular weight, d the density, 
the concentration in weight fraction and subscripts i 2 
and 12 stand for the solvent, solute and solution 


respectively; %,,, Bo, and yo, are the limiting slopes 


defined as 


0£9;> 
Low = =. 
OW? w270 
A a 
eg Od,» and ¥...=1 “iz 
Ow Bw nO joe | aa 
2 /w2>0 OW2 }w2-0 


It has been shown"? that for é9, =n}, or Bo, = 


Eq. (1) reduces to Guggenheim’s equation: 


me. 9kT 3 M, A 
4nN (€, + 2) ay: W2 }w2-0 
where 


A _| (C012 5 Onpi2 
W?2 /w270 Ow, w270 = Ow, w270 


d,, 


..(3) 


Further, Eq. (2) can also be rearranged®’!* to yield 


Higasi’s equation 


Leeda \t 
6G?) 


...(4) 


where # is a constant and is equal to 0,828 D for 


benzene as a non-polar solvent!’. 


Dipole moments of 2,4-; 2,6- and 3,4-dichloro- 


‘toluenes have been evaluated using Eqs (1)-(4). 


Measured values of &;2, d;. and np,> of different 
dilute solutions using benzene as a non-polar solvent 
are presented in Table 1. It has been observed that €o; 2, 
d,> and np; vary linearly with the concentration. The 
corresponding values of limiting slopes are also 


included in Table 1. 


The values of P,, evaluated from Palit’s method 
using Eq. (1) are presented in Table 2. It is apparent 
that 2,6-dichlorotoluene has the lowest value of Pz, out 
of the set presented in Table 2. It is expected also 


because of the structural considerations. 


Dipole moments of 2,4-; 2,6- and 3,4-dichloro- 
toluenes evaluated following Eqs (1)-(4) are presented 
in Table 2. It is apparent that y« evaluated from 
Guggenheim’s method using Eq. (3) is in close 
agreement with those evaluated from Palit’s method. 
Also, evaluated from Higasi’s method using Eq. (4) is 
significantly far off, particularly in the case of 2,6- 
dicholorotoluene. This discrepancy is due to the fact 
that Higasi’s method, although a quick procedure for 
the determination of y, is valid only for gases or very 
dilute binary liquid mixtures ofa polar solute in a non- 
polar solvent. Higasi’s method should, therefore, be 
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Ta 


ble | 


Mole 
fraction 


ha 


0.0000 
0.0079 
0.0151 
0.0308 
0.0445 
0.0596 
0.0623 
0.0736 
0.0838 
0.0954 
0.1080 
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Dielectric Constant, Density & Refractive Index of 
2.4~ 2,.6- and 3,4-Dichlorotoluenes in Benzene Solution at 


Ly & 
Weight Dielectric Density 
fraction constant di> 
W> measured at g/cc 
450 KHz 
£012 
2,4-Dichlorotoluene 
0.0000 2.268 0.8628 
0.0161 2.279 0.8674 
0.0306 2.317 0.8719 
0.0614 2.400 0.8801 
0.0883 2.457 0.8874 
0.1155 2.529 0.8941 
0.1204 2.558 0.8976 
0.1407 2.586 0.9035 
0.1586 2.632 0.9068 
0.1786 2.674 0.9135 
0.1998 2752 0.9173 


om = 4.348; Bom = 9.532; Yom = 0.059 
Low => 2.285; Bow = 0.265; Ow => 0.028 


0.0000 
0.008 I 
0.0152 
0.0251 
0.0381 
0.0464 
0.0624 
0.0752 
0.0834 
0.0940 
0.1058 
0.1150 


2,6-Dichlorotoluene 


0.0000 2.268 0.8628 
0.0166 2.277 0.8699 
0.0309 2.277 0.8725 
0.0504 2.285 0.8774 
0.0755 2.296 0.8827 
0.0911 2.302 0.8905 
0.1206 2.312 0.8960 
0.1436 2.330 0.9057 
0.1580 2.336 0.9077 
0.1761 2.344 0.9137 
0.1961 2.351 0.9215 
0.2113 2.358 0.9262 


hom — 0.762; Bom = 0.550; Yom = 0.071 
Low = 0.375; ay = 0.261; yo, = 0.033 


3,4-Dichlorotoluene 


0.0000 2.268 0.8628 
0.0098 2.306 0.8650 
0.0159 2.316 0.8685 
0.0263 2.352 0.8720 
0.0374 2.408 0.8738 
0.0497 2.481 0.8773 
0.0710 2.581 0.8848 
0.0904 2.688 0.8908 
0.1131 2.842 0.8976 
0.1304 2.947 0.9027 
0.1547 3.035 0.9090 
0.1579 3.045 0.9090 


Hom = 7.500; Bom = 0.592: Yom = 0.080 
Low = 3.635; a9, = 0.284: Yow = 0.40 


a 
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Refractive 
index 


Npi2 


1.4914 
1.4918 
1.4924 
1.4934 
1.4937 
1.4953 
1.4953 
1.4959 
1.4964 
0.4969 
1.4977 


1.4914 
1.4926 
1.4926 
1.4933 
1.4940 
1.4947 
1.4955 
1.4959 
1.4969 
1.4972 
1.4990 
1.4995 


Table 2—Dipole Moment of Dichlorotoluenes in Benzene 
Solution at 35°C by Different Methods 


Orientation Dipole moment (D) 
polarization eee 
Substance P, Palit’s Guggenheim’s Higasi’s 
cc method method method 
2,4-Dichloro- 63.28 - 1.78 1.78 el fe 
toluene 
2,6-Dichloro- 8.36 0.65 0.63 0.72 
toluene 
3,4-Dichloro- 104.31 2.29 2.29 2.27 
toluene 


used in the cases where one is interested to have a 
rough estimate of the dipole moment. 

It can be concluded that Palit’s method should 
invariably be used for the determination of the dipole 
moment of a polar solute molecule in a non-polar 
solvent. However, when either &); =n}, or Boy = dy, 
Guggenheim’s method can as well be used for the 
determination of 4. In situations when one is interested 
to have an estimate of dipole moment, Higasi’s method 
should be preferred. 

The authors are thankful to Prof. N K Sanyal for 
valuable suggestions. Two of the authors (B R & 
Rahul) are thankful to CSIR, New Delhi, for financial 
assistance. 
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A fission track analysis has been used to estimate the uranium 


; concentration in phosphorite deposits of Mussoorie syncline in the 
| lesser Himalayan region of Uttar Pradesh. The uranium content in 
these deposits has been found to vary from 0.01 to 0.06%, 


uranium deposits are generally more enriched in 


uranium than precambrian metamorphic com- 


2 It is an established fact that sedimentary type of 
{ 
1-3. 


plexes The concentration of uranium in 
phosphorite deposits of Mussoorie syncline has been 
measured using homogenized fission track technique 
developed by Fisher*. 
The phosphorite deposits in Mussoorie outcrop 
along the periphery of a double plunging syncline for 
ey km. The syncline axis extends i ina NW- SE 


a at the transition z zone between fe “ai ee 
a and the overlying Tal shales and 


oe oa 


Se ean, of chert and black 


e ¢ Praglonjonby Seniesa! a ae 


Uranium concentration in the rock sample was 
measured by comparison between track densities 
registered on Lexan detectors around the sample pellet 


and that of the standard glass pellet>~7, from the 
relation: 
Cppm(Sample) = Ee; C ppm(standard) ...(1) 
Pistandard) 


where p is the induced fission track density and C 
denotes the U content. 

In order to establish the correlation between 
uranium, phosphorus and magnesium in phosphorites, 
the magnesium content was determined com- 
plexometrically using EDTA titrations and phos- 
phorus content was measured gravimetrically by 
precipitating phosphate as phosphomolybdate. U, Mg 
and PO, contents estimated are summarized in Table 1. 

Results and discussion—The present investigations 
are based on the uranium estimation in phosphorite 
samples collected from Durmala, Maldeota and 
Parritibba deposits of Mussoorie syncline. The 
uranium content varies from 0.01 to 0.06%. 


ppm 


-Phosphorite sample from Parritibba mine has yielded 


maximum uranium content of 0.06% which is 
significant from the prospectiig and exploration angle. 

Udas and Mahadevan* have reported an mae 
uranium content of 0.03°,, in the phosphorite ) 
of Mussoorie syncline on the basis of gec 
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U.P. for facilities extended to our teams during sample 
collection. They also thankfully acknowledge the help 
of Mr PS Suri and Dr Pritam Singh in the collection 
and analysis of the samples. 
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& M P 


The electronic spectra of the complexes of praseodymium (III) 
with cysteine and diols have been studied and the values of Slater- 
Condon (F,), Lande’ spin-orbit interaction (C4 ,), oscillator strength 
(P) and Judd-Ofelt intensity parameter (7,) have been calculated. 
The calculated values of the nephelauxetic ratio 6 and bonding 
parameter b'’? suggest covalent character of these complexes. 


The structural studies of the lanthanide coordi- 
nation compounds in solutions have been carried out 
recently by observing nephelauxetic band shift in 
different environments’ *. The characteristics of the 

spectrum such as position, intensity and shape of the 
bands are helpful in studying the mechanism of the 
intermolecular interaction, viz. interelectronic re- 
_ pulsion, spin-orbit interaction, nephelauxetic effect 


2 a and ey in the complexes. 


r = ee bh i 


Misumi et 
om eet Pr>* and Nd?* in alkaline environment, 
anc “te oxygen and nitrogen donor mixed ligand 


peo 4 % 235 Wg 


s eo the electronic spectral 


al.> have studied the amino acid binary 


mium have Coes ie by . 


gcysteine deviation Bens to be due to the assumptic 
is. The wa 
; Slater- transition does not change ap 
Cas) roe ae hae 


on Carl-Zeiss VSU-2 Spectrophotometer in the region 
380-650 nm in methanol (Fig. 1). 

Energy par anieler s—By assuming hydrogenic radial 
function for Pr** the values of AF, and AC4, have been 
computed using the free ion energy levels'® by partial- 
multiple regression method on the basis of the 


equation: 
CE; CE, 
Bla re (SE LY abay 


where the various letters have their usual meaning. 
The nephelauxetic ratio f is given by the equation: 
aS 


Eww => A + 


noe the superscripts c and frefer to complex and free 
ion values. 

Henrie and Choppin have introduced another 
parameter b known as mixing coefficient signifying the 
amount of the bonding of the 4/ orbital and ligand 
group orbital and is related to b through the following 

ee 


pa 1-8 AY. 
ders 


The observed and calculated energy values for 


various transitions of Pr(Cyst) (diol), Pr(Cyst), (diol) 2 
and Pr(Cyst) idiol), a Mad CORI are reported iho Se 


Table 1.. Ke 


The cet décinacs between Cmocmaael caleulated | ; a 


energy lies between, 87 to 125. The high v: 


firms 


being: es 


cae 


vatlaa® 
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and 2-butane-1,4-diol which forms a nephelauxetic 
series in the present complexes. 

nge in lig Intensity parameter—The values of oscillator 
aoe ee strength (P) for all the four peaks in each complex have 


The decrease in Slater-Condon parameter (F>, F4, SAIS | _ 
F,) and Lande’ parameter (C4) from that of free ionon been computed by using the following relationship: 


complexation (Table 2) indicates the expansion of pa devo? ee 
central metal ion on complexation. The increase in the ee m 
1 


coordination environment around metal ion in the 
inner sphere complexation remains unaltered due to 


where €,, and Av, , are the molar extinction coefficient 


and half band width and are given in Tables 3 along 
with the values of 7, parameters which have been 


value of b2 suggests that the covalency of the 
complexes increases as the diols are changed in the 
order: ethanediol, propane-1,2-diol, butane-2,3-diol 


Table |—Computed Values of Energies (in cm ') of the Bands of Pr(II1) Complexes with Cysteine and Diols 


Complex P; oe *Po 'D; rms 
Biles a ee deviation 

Eexptl Ecale Exptl calc Eexpul Ecale Eexpul Evalc (0) 
Pr(Cyst) (ethanediol) 22523 22487 21413 21333 20790 20832 16978 = 17160 103 
Pr (Cyst) (prop-diol) 22573 22533 21413 21376 20790 20730 17007 17171 89 
Pr(Cyst)(but-diol) 22472 22514 21413 21356 20747 20826 17007 17144 87 st 4 
Pr(Cyst)(butene-diol) 22548 2292%. 21413 21339 20704 20764 16978 17157 102 ‘a 
Pr(Cyst),(ethanediol) 22548 22494 21413 21334 20747 20804 16949 17149 114 
Pr(Cyst),(prop-diol) 22573 22537 21459 21360 20747 20801 16978 17176 ek bs : 
Pr(Cyst),(butene-diol) 22548 22494 21413 21321 20704 20770 16920 17135 124 — 
Pr(Cyst)(ethanediol), 22573 22465 21413 21324 20790. - 20833 16978 17t35t. 1345) >>== 
Pr(Cyst)(prop-diol), 22573 22537 21459 21360 20747 20801 16978 17176) 4B Ae 


Pr(Cyst)(butene-diol), 22573 2295]. 21505 21374 20747. =. 20789 16978 (7186. ‘42th 
Propane-|,2-diol = prop-diol; butane-2.3-diol = but-diol 
2-butene-1!.4-diol = butene-diol 


AS 25. ae 
. ‘USD, 


‘Table 2—Computed Values of Various Spectroscopic Parameters (F,. £4 p> BL bl, %,8) of r(I1) Com 
<a Complexes — F, F, eg 3 Say p a ee Kiet. nd 
— | (em™') cm") tom ay ee a 
Pr (free ion) 322.09 44.46 4.87 i ee 
311.77 43.04 471 680.59 09679 26S (ts 
3140-4298 = 4.70 692.24 0.9668 0.1288 
310.80 42.90 4.69 695.18 0.9649, 01323 
O58 4273467 716.30 0.9611 = 0.1393 
310.76 42.90 469 694.74 ; 
eR ee 


NOTES 


computed from the four equations obtained by using 
the Judd-Ofelt relationship: 


P= [U?}?v xT, + fu} y x T, 
+[U}v x T, 


In the computation of 7,, the values of matrix 
elements [U™]? as reported by Carnall et al.!! have 
been used. 

The rms deviation between observed and calculated 
values of oscillator strength varies from 0.04 x 107° to 
2.72 x 10° (Table 3). The low rms deviations suggest 
the suitability of Judd-Ofelt relation used for 
computing the intensity of a transition for the present 
set of complexes. 

The ratio of the parameters 7, and 7, is fairly 
constant in a set of complexes which indicates that the 
symmetry of complexes in solution remains invariant 
due to change of ligand. The parameter 7, which is 
sensitive to the environment!! changes appreciably 
when the ligands are changed. The negative value of T, 


abe abana This may be due to 
a a eg transition in the: visible 


ebay ii: wat 
oe . : ei 
“ene mec: Se ae 
Minin Deshi, 2 eet. > 
on —_ socio pe etiekt: aie a x eect i thx 
wg ae (gemini es 


.- 


ae fi2 eos ee of 
waa Be" te ae 


ie ca pat. At Soe. 


ea Sth goes Unie | 
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The ESR [in diamagnetic nickel(II) complex matrix], IR and 
electronic spectra of oxovanadium(IV) complexes of biguanide; 
ethylene-, trimethylene-, tetramethylene-, hexamethylene-, 
piperazine-dibiguanides and of o-methyl-l-amidinourea are 
recorded. The ESR spectra of all these complexes exhibit 8 
perpendicular and 8 parallel lines. The ESR parameters for a typical 
complex, viz. VO(OH,) (biguanide),, are determined as f= 1.99, 
A, =54, gi = 1.94, Ay = 154. The ESR parameters are very similar in 
the oxovanadium (IV) complexes of biguanide, o-methyl-1- 
amidinourea and dibiguanides indicating the similarity of bonding in 
these complexes. This fact is further confirmed from the dipolar term 
|A, — Aj| which is essentially constant. The observed low values of 
v(V =O) (~ 940 cm “') are consistent with the strong out-of-plane 
dn-pn bonding. These complexes exhibit three electronic spectral 
bands due to d,,>d,., d,., dy, >dy2_ 2 and d,, >d,2 transitions. 


Biguanides, dibiguanides and o-alkyl-1-amidinoureas 
are regarded as strong-field ligands which have 
produced metal complexes of very high formation- 
constant values. They have stabilized a large number of 
uncommon oxidation states of transition metal ions 
Le.g. Ni(II), Co(I), Mn(IV), Ag(IID), Au(IID), Mo(IID), 
Ir(IV), etc.] and the metal complexes show aromatic 
character'’*. We report in this note the ESR, IR and 
electronic spectral studies of Oxovanadium (IV) 
complexes of biguanide, ethylenedibiguanide (endibig), 
trimethylenedibiguanide (tndibig), tetramethylene- 
dibiguanide (tetramedibig), hexamethylene- 
dibiguanide (hexamedibig), piperazinedibiguanide 
(piperazinedibig) and o-methyl-l-amidinourea 
(OMAU). 

Experimental details—VO(OH,) (biguanide), and 
VO(OH;) (endibig) were Prepared according to the 
already known procedure'. The complexes VO(OH,) 
(tndibig), VO(OH,) (tetramedibig), VO(OH,) (hexa- 
medibig) and VO(OH,) (piperazinedibig) were 
Prepared by following a procedure similar to 
VO(OH;) (biguanide),, and gave a satisfactory 
vanadium and nitrogen (V, N) analysis. VO(OH,) 
(OMAU), was prepared by the known method?. 
Oxovanadium (IV)-doped samples of diamagnetic 
Nil, or Nil’ (where L = biguanide or o-methyl-1- 
amidinourea; L’ = endibig, tndibig, tetramedibig, 
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hexamedibig or piperazinedibig) were prepared by 
following similar procedures for the synthesis of 
corresponding oxovanadium(IV) complexes but using 
a solution of nickel (II) nitrate hexahydrate containing 
5-10% of VOSO,.H,0. 

The ESR spectra were measured using a Varian V 
4502-12 X-band spectrometer with 100 ke/s 
modulation and a 9” electromagnet. A minute 
powdered sample of diphenylpicrylhydrazide (Aldrich 
Chemical Co, USA) free radical was used as a g-marker 
in dual channel cavity and the frequency was 
monitored with the help of a frequency meter. The g 
values were calculated from the H values using a 
second-order correction: H =H, 5 +31A?/4H, . 
where H,_« is the field at the middle of the separation 
between the fourth and fifth lines; A, the vanadium 
nuclear hyperfine splitting constant. Electronic spectra 
were recorded in nujol mull with a Cary-14 recording 
spectrophotometer. The IR spectra were recorded in 
nujol mull on a Perkin-Elmer-621 spectrophotometer 
calibrated with polystyrene film. 

Results and discussion—The oxovanadium (IV) 
complexes of these ligands were doped into the 
corresponding diamagnetic nickel(II) complexes in 
order to obtain magnetic dilution and the ESR data are 
presented in Table 1. The pure polycrystalline samples 
at room temperature exhibited a single exchange- 
narrow line at g = ~ 1.97. But magnetic dilution to the 
corresponding diamagnetic nickel(II) complexes 
results in the resolution of vanadium(IV) nuclear 
hyperfine splitting; consequently, the ESR spectrum 
consists of 8 parallel and 8 perpendicular lines. A 
typical ESR spectrum is presented in Fig. 1. Nitrogen- 

14 superhyperfine splitting could not be located in the 

ESR spectra at 77K and at room temperature as the 
nitrogen superhyperfine coupling constants in 
oxovanadium(IV) complexes are very small?. it is 
interesting to note that nitrogen superhyperfine 
components are detectable in the ESR spectrum* of 

Cu (biguanide),. Although V and Cu nuclei have 
quadrupole moments giving rise to the line- ; 
broadening, the quadrupole moment of V is twice that 
of Cu; hence it may not be possible to locate the — 
nitrogen superhyperfine components in vanadium(IV) 
complexes as these are small. The ESR data indicated 
that g, >gi and A, <A, are according to the 
expectations. The ESR spectra of the complexes ir 


dilute acetic acid (25% glacial acetic acid- 
volume) exhibit 8 line spectra and reveal 


NOTES 


Table 1—ESR Data of Oxovanadium (IV) Complexes 
Complex Medium ga 


gy Bil <A” A, Ay 
VO(OH,)(biguanide), Ni(Il) complex 1.97 1.99 1.94 87 54 154 
25% Glacial acetic 1.97 —- — 101 -- -- 
acid-water by 
volume 
VO(OH,)(OMAUL), Ni(II) complex 1.97 1.99 1.94 87 50 160 
25%, Glacial acetic 1.97 — — 101 ae = 
acid-water by 
i. volume 
4 VO(OH,)\(endibig) Ni(II) complex 1.97 1.99 1.94 88 55 153 
VO(OH,) (tndibig) Ni(II) complex 1.97 1.99 1.94 88 56 152 
VO(OH,)(tetramedibig) WNi(I1) complex 1.97 1.99 1.94 87 53 155 
VO(OH,)(hexamedibig) Ni(II) complex 1.97 1.99 1.94 87 53 155 
VO(OH,)(piperazinedibig) Ni(II) complex 1.97 1.99 1.94 87 54 154 
VO(phthalocyanine)® Free ligand — 1.989 1.966 — 56 158 
VO (tetraphenylporphine)’ CHCl, 1.979 1.989 1.961 88.2 51.7 161.2 


@ ¢,. = 4(gy + 2g,) except for VO(OH,) (biguanide), and VO(OH,) (OMAU), in dilute acetic acid 
) <4) = 4$(A\ + 2A,) except for spectra in dilute acetic acid. The <A), A 4. and Aj are in units of 10° “cm”! 


7 Table 2—-Electronic Spectral Data of Oxovanadium (IV) 
F Complexes 
Complex Medium Vmax-cm~' : << 

---- VO(OH,, )(biguanide), Nujol 16700, 23200, : 
; ey 3 50”, Glacial 25500, 13000, | sau 

™, ’ acetic acid-water 16500 

ain. by volume | A 

-- VO(OH, (OMAU),_ Nujol 14900, 17200, 

=. . 50°, Glacial 26700, 13200, 

acetic acid-water 16100) Vv v : go 
: by volume 


: ] 
16730, 23230, i] | Vv 
25550 

Nujol ‘16700, 23200, 


Nujol 
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dibiguanides has little effect on the bonding 
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parameters. 

These complexes exhibit three electronic spectral 
bands (Table 2) around 17000, 23000 and 25000 cm “* 
mete add. dodo and dds 
transitions respectively, according to the Ballhausen- ! Ray P. Chem Rev (USA), 61 (1961) 313. 
Gray scheme”. The red shift of the bands occurs in the 2 nee & Syamal A, Coord Chem Rev (Netherlar 
dilute acetic acid solution of the complexes and this 3 g.inin y. Coord Chem Rev (Netherlands), 1 (1966) 2 293. 
indicates decomposition of the complexes in dilute 
acetic acid solution. 4 benim: baie P, J Inorg & Nucl C 

A very strong band around 940 em * in the:-IR. ~; eee ae ei Phys (USA), 29 (1958) 1188, 
spectra of the complexes is assigned to v(V =O) 
stretch. This value is remarkably lower than those for © AssourJ M, Goldmacher J & Harrison S EJ Chem I 
other oxovanadium(IV) complexes and this is (1985) 18% . 
consistent with the presence of strong out-of-plane 
metal-ligand dx — px bonding which accounts for the 
decrease in v(V =O) stretch. 
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